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Tablel- Effect of different levels of by-productsin dietaryon plasma metabolites (mg/dl)

Lol (sleid o bl (slo 0y
Plasma metabolites Experimental diets P-value

Alfalfa 5% BP* 20%BP SEM treat time Treat x time
S5 10.0 10.0 10.0 10.0 0.002 0.002 0.002
Glucose (mg/dl)
o5 sl ol ey 10.0 10.0 10.0 10.0 0002  0.002 0.002
BUN (%)?
$lyansl i gieal bl 10.0 10.0 10.0 10.0 0.002 0.002 0.002
AST (U/L)?
$lyiansl i gl oY 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ol dimls U 5550 s 10.0 10.0 10.0 10.0 0002  0.002 0.002
LDL (mol/L)°

(P<0.05) il (o )13 sine SIS gyl S ey g b cid) o sla uSikso
Means within same row with different superscripts differ (P<0.05).
'By-Products were used instead of alfalfa in 5 and 10 % based on dry matter intake.
2Blood urea nitrogen
®Aspartate Aminotransferase
“Alanine Aminotransferase
SLow density lipoprotein
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Figure 1- Effects of different levels of by-productsin dietary on extent of gas production in vitro
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Figure 1- Effects of different levels of by-productsin dietary on rumen digestibility of nutrients
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Tablel- Ingredients and chemical composition of experimental diets

1

Sl
Treatment'

(223)2)90 P p
Item(%) Jyus oMo g Jgeme ojgl oMo gy ik, atwdl oygl 00y 20 eMe b Jgame 0)gl 20> 20 oMo b iy sl 0]

CT UMO SMO0 UM20 SM20
Suts oole duoyd ol ool (sloo e (s
Ingredients of experimental diets, % DM
Sk 8L
Sugar cane tops 30 30 30 30 30
@y wlb
Corn grain 30 44 44 24 24
S g
Wheat bran 213 174 172 15 14.8
Lguw allos’
Soybean meal 17 5 5 7.4 74
S oM
Cane molasses 0 0 0 20 20
ol
Urea 0 1.6 0 1.6 0
2 .
(59525) (i il o)l
Slow Release urea (Nitroza)* 0 0 1.8 0 18
oS’ SliyS
Ca carbonate 0.94 0.94 0.94 0.94 0.94
ot Slilgu
Sodium sulfate 0 0.26 0.26 0.26 0.26
Sas
Salt 0.2 0.2 0.2 0.2 0.2
3
oty g (Fixe dlga JoSo
Mineral and vitamin permix® 0.6 0.6 0.6 0.6 0.6
(Sezs o3lo bl ) ooy (s3ka Slgo oS 5
Nutrient composition of diets (DM)
4 P
(PS54 2 G JSKs) pud il JB (5550
Metabolizable Energy (Mcal/kg)* 2.51 2.45 2.45 243 2.43
(22)3) pB 9
Crude Protein (%) 15.1 151 151 15.1 15.1
03l Sy oS byl
UFP® (g/kg) 1.93 7.00 6.69 5.40 5.35
(10y2) 4 )3 2525 BB (s
Rumen Degradable Protein (%) 6.7 9.1 9.1 9.5 95
(P6 oig e 240)3) 4seSs 53 2325 BB g
Rumen Degradable Protein (% CP) 444 60.3 60.3 62.9 62.9
(12y5) (gl 0003945 5> Joloxal COLJI
Neutral Detergent Fiber (%) 40.78 38.13 38.03 35.38 35.28
(u0y3) (25 oty gab 4> Joloeal COLJI
Acid Detergent Fiber (%) 20.23 18.77 18.74 17.90 17.87
(12y3) BUI e hysngyS
Non Fiber Carbohydrate® (%) 40.8 432 432 441 441
(22)3) Hoko o
Hemicellulose (%) 20.55 19.36 19.29 17.48 17.42
(223) sl o)l
Ether Extract (%) 3.78 3.95 3.94 3.02 3.01
(323) S
Calcium (%) 0.8 0.7 0.7 0.9 0.9
(103)
Phosphor (%) 0.5 0.5 0.5 0.4 04

20320 (oMo b iy dtan] 091 = SM20 ¢ oMo 94 ity atdl 0,91 = SMO crio)3 20 oMo b Jgexe 0,91 = UM20 (joda 395 Jgaze 091 = UMO (8 = cT!

LS psleg ol 5 1 Lausss 005 4l ol cyadig oyd 250 Uskeo g o305 o> 40 (ol iy it o517
555 25 sy 5 Bi0nl 5 B sonin 25 20 onnlS )5 180 bty 25 90 st £5°60 (55l (2,554 10 3) Ko ol olytd s sl 855 g as sl ®
5o D3 peling a5y 100000 A potisg 2515 500000 < E (ysling o5 oo 100y p,8 o 100 «cdlS p)5 o 100 o 2,5 oo 300 qouibes )5 o 1
1 CT-Control, UMO- Urea Without Molasses, UM20- Urea With 20% Molasses, SMO- Slow Release Urea Without Molasses, SM20- Slow Release Urea With20%
Molasses, SEM-standard error of the means.
2 5low release urea, contained 40% nitrogen and 250% equivalent crude protein, manufactured by Danesh Bahavar Shaya Co. www.parsa78.ir.
8 Manufactured by Science Supplement, Tehran, Iran. The premix contained (per kg): 60 g Na,90 g P, 180g Ca, 20 g Mg, 3 g Fe, 3 g Zn, 2 g Mn, 1 mg Se, 300 mg Cu, 100
mg Co, 100 mg I, 100 mg vitamin E, 500000 IU vitamin A, 100000 IU vitamin Ds_
* Nutrient requirements of small ruminants 2007.
®Urea fermentation potential (Burroughs et al, 1975).
SNon fiber carbohydrate (NFC)= 100-(NDF+CP+EE+Ash).
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Table 5- Effect of experimental diets on carcass composition lambs

1o
csielejl slaoye> L SEM? Contrasts®

Experimental diets
390
|{em CT UMo UmM20 SMO  SM20 C1 C2 C3 C4 C5
(p55k5) o5 s
Live weight (kg) 325 33.1 335 32.7 32.9 0.70 0866 0.823 0.716 0.950 0.806
(p55hS) JB w55 0355 (s
Empty body weight (kg) 280 288 29.1 289 288 065 0445 0059 0058 0142 0.905
(p55kS) p)5 &Y s
Hot carcass weight (kg) 15.7 154 154 15.8 15.6 044 0525 0.888 0433 0.600 0.524
(ps555) 390 4Y 555
Cold carcass weight (kg) 15.1 14.8 14.9 15.3 15.0 0.45 0293 0.831 0545 0.380 0.296
3y 45 e
Cold carcass efficiency 46.6 46.7 47.2 48.2 47.1 0.49 0.209 0.578 0944 0.174 0.352
(o) aY b
Carcass length (cm) 68.3 68.9 70.7 68.3 68.5 050 0478 0.364 0201 0.786 0.312
(acsils) 43Y os
Carcass depth (cm) 29.3 28.7 29.0 27.9 29.0 0.29 0.085 0.987 0.588 0.114 0.112
(@ sio sl) a2Y glade adaw
Loin eye area (cm®) 17.2 14.3 12.7 14.9 15.5 0.93 0.976 0.407 0.168 0.709  0.750
(Foisde) s 2j (2 e
Subcutaneous fat (mm) 5.38 6.07 411 5.36 7.77 0.60 0.756 0.873 0.289 0.828 0.728
(psS9kS) 05
Neck (kg) 0.65 0.58 0.57 0.58 0.65 0.02 0536 0.929 0.072 0.548 0.597
(p55hS) cowdyos
Shoulder (kg) 1.16 1.15 1.17 1.18 1.17 0.03 0.639 0.744 0984 0575 0.769
(ps55hS) b 053 5 dbus o
Breast and ribs (kg) 1.27 1.27 1.22 1.36 1.33 0.04 0111 0972 0.282 0.147 0.140
(P55 5kS) 4,
Loin (kg) 1.42 1.34 1.39 1.39 1.40 0.04 0999 0.83 0470 0932 00931
(-555) ol
Leg (kg) 2.10 2.06 2.13 2.14 2.22 0.06 0.851 0.160 0.322 0.445 0.669
(ps55kS) 4>
Fat tail (kg) 2.23 2.47 2.06 2.17 1.99 0.19 0.956 0.383 0.677 0.678 0.754

o 20 LSl b iy a2y - SM20 <odle 53 iy 4l a9l = SMO o> 20 Lodle b Jgams 2751~ UM20 - odle s Jgame 29 - UMO o, - C T2

e gt Sike SEMT

“Ch Mo 9 03 b Do b oy dulic “C3 i, atud] 03] oy s Jgans oysl 05 duglio ~C2 iiadigns s (5856 ko ol oy b Uy o dunglio "C L rluglio ®

.JWO)sl o).?bJ)...S o> Ay o -C5 B 3) ey o),lo).:_}ng);:f 0> Aunlio

*CT-Control, UMO- Urea Without Molasses, UM20- Urea With 20% Molasses, SMO- Slow Release Urea Without Molasses, SM20-
Slow Release Urea With20% Molasses. SEM-standard error of the means.
3 Contrasts: C1- (CT vs UMO, UM20, SMO, SM20), C2- (UMO, UM20 vs SMO, SM20), C3- (UMO, SMO vs UM20, SM20), C4- (CT vs

SMO, SM20), C5- (CT vs UMO, UM20).
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Table 6- Effect of experimental diets on meat colour and pH variables of lambs

SEM? Contrast®

C1 C2 C3 C4 C5

350 ilejl slooy>
Item Experimental diets’
CT UMO UM20 SMO0 SM20

pH 6.1 6.2 6.1 5.9 6.2
L 41.6 42.0 41.8 43.4 42.4
a* 18.6 18.0 19.5 18.6 17.7
b* 5.4 5.3 6.2 6.1 5.4
c* 19.4 18.9 20.4 19.6 18.6
H* 15.9 16.6 17.9 17.9 17.0

0.07 0.257 0.848 0.981 0.266 0.336
0.67 0.432 0.844 0.940 0.426 0.522
0.50 0.920 0.806 0.633 0.848 0.993
0.25 0.493 0.426 0.539 0.344 0.763
0.51 0.848 0.783 0.578 0.774 0.951
0.66 0.579 0.462 0.620 0.421 0.840

o 20 oSl b iy i) 25 - SM20 (odle 53 iy 4] )~ SMO e s 20 Lodle b Jgame o751 - UM20 cudle 2z Jgans 2,3 - UMO o, - C T2

oo slas 5, S5le SEM
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1CT-Control, UMO- Urea Without Molasses, UM20- Urea With 20% Molasses, SMO- Slow Release Urea Without Molasses, SM20-
Slow Release Urea With20% Molasses. SEM-standard error of the means.
3 Contrasts: C1- (CT vs UMO, UM20, SMO, SM20), C2- (UMO, UM20 vs SM0, SM20), C3- (UMO, SMO vs UM20, SM20), C4- (CT

vs SMO, SM20), C5- (CT vs UMO, UM20).

“Included L= Lightness, a= Intensity of red colour, b= Intensity of yellow colour, c= Colour saturation (a?+ b2 and H=

Colour tone of the meat Arctag(a/b)
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Introduction One of the limitations of conventional urea usage in ruminant diet is rapid hydrolysis and
increase in ruminal ammonia concentration and its lack of synchrony with carbohydrate degradation and
microbial growth in the rumen. An alternative strategy is continuous supply of nitrogen using slow release urea
(SRU) and gradual release of ammonia in the rumen. Sugar-containing liquid feeds can increase the energy
density of the diet, stimulate dry matter intake (DMI), and serve as carriers for fat, non-protein nitrogen (NPN),
and other ingredients. Sugars can change the ruminal fermentation pattern, typically decreasing ruminal NH3
concentration and increasing ruminal butyrate concentration. The purpose of this study was to investigate the
effects of SRU in comparison with conventional urea, with or without the addition of molasses on the growth
performance and rumen fermentation of fattening lambs.

Materials and Methods The experiment was conducted in a completely randomized design with 5
treatments including control, two sources of non-protein nitrogen (conventional urea and SRU) with or without
molasses (0 and 20 % of ration DM) and 7 replicates using 35 Arabian lambs. Forage to concentrate ratio was 30
to 70. The length of the fattening period was 105 days, including 15 days for adaptation and 90 days of data
collection. At the beginning of the main period of fattening and then once a month, weighing the lambs was
carried out with 14 to 16 hours of starvation. The lambs had free access to water during the test period. The
lambs were fed the total mixed ration ad libitum twice daily at 0800 and 1600 hours. The digestibility
coefficients of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber, (NDF), acid
detergent fiber (ADF) and ether extract (EE) were determined by the total fecal collection method. Daily feed
intake, daily weight gain, feed conversion ratio, carcass compositions, meat colour, rumen and blood parameters
were recorded. Data were analyzed as a completely randomized design using the General Linear Model (GLM)
procedure of SAS.

Results and Discussion Replacement of urea with SRU and the addition of molasses did not affect dry
matter intake, daily weight gain, feed conversion ratio, final body weight, cold and hot carcass weight, carcass
efficiency and components, meat colorimetric parameters and nutrient digestibility. The lack of difference
between control and treatment groups in the growth performance could be due to sufficient supply of the
microbial protein production in the rumen. Addition of SRU and molasses did not have a significant effect on
dry matter intake and digestibility of nutrients. The hydrolysis rate of SRU may not be reduced to the extent that
it could improve the efficiency of rumen microorganisms in utilizing the available energy source of molasses.
Propionate and NHs-N concentration in the rumen increased in animals provided with NPN in comparison with
the control diet. The concentration of acetate in rumen of animals fed diets containing NPN sources was lower
than those on the control diet. The concentration of total volatile fatty acids in SRU diets and also diets
containing conventional urea was higher than control diet. Molasses addition in diets, increased butyrate and
total volatile fatty acids and decreased blood urea nitrogen concentrations, compared to control diet. Animals fed
NPN diets showed higher rumen pH than the control diet. The ruminal pH decreased in diets containing
molasses. Reducing the saliva secretion, due to the physical and chemical properties of molasses and the high
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amount of fermentable sugars supplied by molasses in the rumen, may possibly explain the decrease in the
rumen pH. Animals that had received urea containing diets showed higher rumen pH presumably due to the
buffering capacity of urea. An increase in ruminal ammonia concentration due to urea hydrolysis can increase
the pH of the rumen by obtaining H* by ammonia and turning it into NH,". However, it is likely that the result
reflects the higher grain content of the control diet relative to NPN containing diets.

Conclusion In general, the results of the present study showed that although replacement of soybean meal
with conventional urea and/or SRU, with or without molasses, in high concentrate diets, influenced some rumen
fermentation and blood metabolites, but these changes were not large enough to improve fattening performance,
carcass characteristics and nutrient digestibility.

Key words: Digestibility, Fattening Performance, Molasses, Rumen Fermentation, Slow Release Urea.
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b g Al
o | 8.72 5.83 3.20 0.85
oybean mea
9 09 T g 0 5.10 9.96 16.00
de-oiled rice bran
u5
Cv X "t”’;“ 16.57 16.17 15.76 15.09
eat oran
g“t’°’; » 0.18 0.18 0.17 0.17
yster Powder
sialg 5 Hare JoSa
; e . 0.18 0.18 0.17 0.17
Mineral & Vitamin premix®
e S 0.61 0.60 0.59 0.56
Sodium Bicarbonate ' ' ' '
sﬁj 0.18 0.18 0.17 0.17
al
ehoss OS5
Chemical composition
TR
;:C‘(‘J"J mf’)” 135 1.35 1.35 1.35
cal/kg
(B
A (g g
Crude prtein (%) 15.15 15.18 15.12 15.10
Juia'; aJLA
Dry mattor (56) 51.50 51.85 51.30 51.17
IO " ]J 5
i;‘F‘S (A;’)‘“ » ol 2 2135 2185 2150 22.10
0
ﬁD"’ Ff(“;;‘; » Jobnel 33.30 23.13 23.10 33.00
0
Al ojlas 217 2.05 1.90 1.95
Ethereal extract (%)
C’““L‘* i 6) 135 1.39 1.32 1.35
alcium (%
S 0.83 0.91 0.90 0.94

Phosphorus (%)

Y wln)i b gl olie oy 0 bgw dbuS | Lisu (g odd (p il g g AluS Mo)d 95 9 75 50 Sob sl oy g anls 0y 1 Jolls wlaﬂ b oy 1
cyinsd p)5 90 (oundS )5 180 Jolis JoSo jl p)S 5k ya sl cpmalig p)S 10 g5 cpuliyg Medl e 351610000007 poolis g ol y0 2519 500000 Jolis JoSa 51 o8 5kS o 2
it (5 )5 3ty 25 10 ot )5 U0dls 2510 ccs5, p53 g .5 30 conl 5 3 5iSe 2.5 2 s 560 520 5 20

! Experimental diet include: control diet, no de-oiled rice bran and diet containing de-oiled rice bran with 50, 75 and 90% replacement ratios with
soy meal in the diet.

2 The supplements including: 500,000 IU vitamin A, 100,000 IU vitamin D, 0.1 g vitamin E, 180 g Ca, 90 g P, 20 g Mg, 60 g Na, 2 g Mn,, iron, 3
grams, 0.3 grams of copper, 3 g zinc, 1.0 g of cobalt, 1/0 grams of selenium, 1.0 grams of iodine, 3 g of antioxidant. per kg.

ADF: Acid detergent fiber, “NDF: Neutral Detergent Fiber
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Table 2- Chemical analysis and fatty acid pattern of de-oiled
rice bran used in the experiment (%)

olS polie
Compositions Amounts
Crude protein

b s 21.65
P (9n
Ether extract
sl ojlas 120
DM
Suis oolo 90.25
NDF
S otngs  plowls G 5254
ADF
(Sl atizgd 5 Jylols L 26.08
Total ash 1154
J5 s '
Composition of fatty acid
Cprdl bS5
Oleic acid
Sy 41.11
Linoleic acid
S s 31.40
Palmitic acid
Saalb Sl 18.10
Myristic acid
S yeo Sl 04
Stearic acid
ol s 2.21
Linolenic acid
Syl 2.00
Arachidic acid
Saipdath] 3 061

Slaady ) b oad glad (o2 5l p)5 o dm Al pe

S Loy 9d (Joilie dgw i) (e iy ke g L Aoy ilojl
039381 sl 4y (221 Swg il dnsl) (I3 5,5kl 1) o S
plos o aids 10 e (gly Lo b s pSome gl 1 9 a5
Dy dl)) 9 C)l> ua9> uT PL°'> )I Lde9J L5445 02l )I)S L)"9> u]
Do Ol plos 5> 4kdd dw Hlade a3 3 15 U1 Lo > s

3 ptaloil ol 53 03lal 3,50 0 (IS ) @ g
Oliwyed (hajle Gl )> @ly (ga ile (L3S 129, S
S 59y @t s 2518 Uh9) (2 Jg) A asd el
Doy P08 b 65 ) S e Ubg) 4 WIS )3 0k
9 31 @ o 1l U39y ol 53 0 ol ()l g
ol5id Jde) iy olKiwd 3,ly g Lo 9 1> o (la alBL
9o bowgi g (celw 24 55 525 516 cus )l L 400,018
JLid lawgi 9y doul 0 Wigd (00 0kl Ly By zo)le
oKy )l &9) Sl )l o .).)9.\» ~° C)l> TR oew )l oKy
0S5 b o iy o5 b Jlgte sladlo o)y 1l )b oy
3 ofey 3] doge il g, (soie I dtwg plas ) )
395 Jols bl b sl plas (yad Lis 516 5,8 5 ilo
@ @ p oogee A L g 0dd (IS 089) @ (g ol 2
Llod 5l cds 4 bagls o yialojl 0,93 5o LL 5l e bl (oo cnd
S lapadls b g5 jp a5 W) L8 ) 2)90 (S
5 e oyed) g ISy oyl e dg2g (S Candg 0ye
5 (51) 1t (majlzel (Gl 2 Gly 9 cPEY iy &
@l 9 plol ol )8 Sy Lawgs () Camdg 050 (L)) (imen
eiolos] 0393y b Cud 090 s 50 aglS okel Cawd 4 iljlial g
&S 09e3) halofl ol 0y93 59y g (maciale g, 14 ol
plsl yas 16 5 o 8 55, 12 (S Wisa 292 (63 55255 5
a ety ©log S (63 .5 01006 e (S 503 51 i 05
- ged b Ay 85 g Byt I3 0 e Lo o
i plonl 2 e 30 b s & [Sitadly bgh o 55 6o
9 e hdgd )3 e Mg e g 02 Moy Shl 4 gL
byl jl jid cladsae jolaio fpay Cunl Cigliio pa b juac
485 odeg 2 50 My e b cuslite g pac g o ludgd
bl (Sijeels S 0)bl olXiolejl 4 ialejl (glp g B
2 bl 5k

o e 10 colis 3 g tilejl 0)93 o joy (3T 5
O3> SLadiges 9 48,5 (03 Ny jl ()9 dged (cdlejl slagls
g s Jditte Jol iy (Sissals 0ol olSioloj] 4y aliolsM
10 e 4 593 3000 b 5900 il ol y> oy (13905 i (5l
Biuloj] 4 Al oo adiges 5l o iy 23,5 1,5 aibs
A i Ja5 000 (Set (sladonlyd

OS—lgSlen ol g ) b Lged (W9 9 (22 il
1 de>30 (Milkoscan 4000; Foss, Hillergd, Denmark) Ja.
5 Josials g el 55 SIS Clale b (5 Sojluil eyl
(USA300 Alcyon) Jae yiegidgyiSel olKiwd b 95 HDL



207 ol 5 5oy g Ais b ol (S s gt (s witlin Zgbaus (3500 1

B o Sl pow slors > b Mg a8 55k (P<0/05)
3 Ot g AES 5003 TO L o (30l 0 (oS o)
by 35 b a5 ke (a8 9 0 (odlef] slajles il
B iRl 0ad (S0 @n g S9> & plaz slog
il bjlog plw b (gl bze gles oS 39 Lguw allowS jl s ys
doyd oy 48 0D ol (3) Jodo gl cpimen (P<0/05)
S pgw o ) b (2 e (n oS 5 Jol Sl 3 b (22
0dd (S (Eg) T g S3llesd 9 WLl o i &
Sl me OS] 4 39y Lguw A8 5l huoyd 1O L ot oy 3Sols
Ol 93y yid Mg Yleas! (P<O/05) wixilsy (S5 (slayloss b
adaly Bl 5 ) jeS (2 o)) e Cal (Ses o
Lo a8 )l 3929 jud (2 Moyd g b WP i o ogSne
(20) ams e a5 0 Aoy b W Gl
NS Sl oS lamusilS)lg Seo S 2 2 LS &5 0302 S 5
Eo0 S 5l pels slassS Cairen (s Ady yd 4 Sl
3y pls S op Bpae b sl 5o jii sl )l See
o) Pl 018 4o sl S g (g 25be
Lo slmoyz ) Geioren 5 dubiso Gl (355008 g Sl pud
8ylg3 «BU (g s paes il b (Moyd 4D dgas) Jobus 3)les>
Gl e Sg 0 Moy g el Mg (Bpan St Bl g Jsle
b 48 gy g SV oo 353 S gl 0 &5 e
Jhde Lilial o 1) ceunilSe i Slg5 o dgr (6 YL P15 CBLI
Tohw Bpae ol 3 b yed g S e )l b Wy
O3S e 3l 53lass bausgs SME (o8 (slmosygl 3 SV
(45 57) e s

2 20 e aw (L]0l L as ol L adllas S s
8l Gl )b stae ysb & b (22 2oy (10 20 6) oy
s & @ egee aw yido GRIPIL 35 b Mg oeines
el » a5(36) ol JalS blas plo & Cous ()b ne
2 g 3y e JalS i 3y90 )yl Biio5 3 Jgue
o=l M s daliie (e 0 )3 g8 e YL e
et sLoglS 5 (12) 6 (sl (595 adlllan 93 )3l
oy )3 @ g 9381 45 3b (L (26) cpleile
@2 Sy Jelos jlcudly il SS9 Mg g5 )b
BL xio Hlido 5 jlade 0, 5luiS 4y ddsle s 4y ()le5 o puid
Esie 9 Mde g ddsle wlidad ojlal ¢ i3 odiygd > bl o
laoacgalisi g i oy )0 > xuio g Hlie catwlds
s o g LI IS ke 5 ym (32) 5,8 o)Ll m3cSTy5
Bl il el 698 @b Sl M 5 b Mg sl
033l aelsl )5 (Byume SLid odlo (8Ll o0L; yolas g
S (50 39400 1) 5 M5 g (219)See

S ade g ond )5 e o plo Sl ladlg) s g 4128513
Lo ey clagions 5 13 syl ol 1 S a2 ol 2l o
30) e 05 g ) e 5 0] o 5 33 e LS
03l )y 8 gladg) bn 3 ladlg) s 5 i adlS] dlg) po &y (Ao )y
Jodome g s ol g oYL 4Y g3 4 Ll clbgime b 505
LS ol a0 Sy Uyt 95500 012 jlaiio g s oYU
cble g Sy ) e an ang Ly 55 Sl S
JS e oy cliignd 1 IS a5 a3 9 U515l
Sileil ol 3 e sl (S e jsliie & (yeiman (32)
5 o351 sl cpmomon 5 03lisal (C15) 3Ll oy sl §
ool Jito bl 003 (2S00 gm0z Sadenl ilbg
Glhae oy sland gl e JIUT 5 0b a5 0 sl
bl ol e jJUT jglate a0 i plosl (4) 5,5kl 59,
oSy luasuin b odlawl 81)S5ileg S35 olKiwd jl ey
oS (s, Sojlil gly adlllan oyl )> odliwl 3y50 (81,5 g5log S8
Jie Oygo 4 0dd (IS gy E 0 g 9 b 02 sladl
*0/25 mmID *0/22 pfilm : g2 4600 oS 5o :GC oK
as ) ol Kl 45,3 250 1 50,5 @)l avyy Bpx70 30 m
1805 Ol g poals 1 8L 515 o Kl as > 300 2,555 o)l >

g g ySee 012

Lasals Julas g dajas

ol b ol MlS b B 3 0 Jols claosls
B oo 20 95 515 50 Gho o Jold & 1S5 4w
12 5l 5l oalisl L Lgw dlouiS b ot oS0l 00 (S i
b oleg )3 okigd 51,55 slaojliil b g Jiiens 3155 03, 95 4,
= 9 (ML) il SAS oyl 381 o5 Mixed g, 5 oslisul
sdalino Vi Jgo )8 (nl > &5 el Llos 5 45055 05 Jio (ol
8 0eSSle WKOISS 53 5] opSoilasl gloj 0 1 e 2 bz
~o35 loj i e sheol ol 1 By ool jlows 51 Ty el
5 el s Soilsl oloj L pll Jlos (28 o SITXG o] (605
L 58 bjless (5nS0ke dunliie (i 9 09 (=58 sl 31 i
5 plool (Sl (lacebais gejl ;) o3l

Yik = 1+ Ti + Eajcttj+ Ti*t+Ebijc

sl Ol 3 g wad g5
Jodz > Lagls 5 LS 5 9 g5 o otnlojl slao o 31
Cabld b M8 (gl gime il u.@tpﬂ slo o a8 o L (3)



1398 30 3 oylects A1 wlor 3l ol pole gledimols aspis 298

b slaglS 5 b SLS 5 00 (S ) @ g e ol (53l talejl slaey $1-3 Jgaa
Table 3- Effect of experimental diets containing different levels of de-oiled rice bran on milk composition in dairy cows

T . 1
slalojl (sl lags

. e ¢ L
P Sy N Experimental treatments SEM p-value
Milk composition

1ks 2 o 3 s 4 oy

T1 T2 T3 T4
(+20%) 2 4,212 3.61° 3.54° 3.72° 0.11 0.04
Fat (%)
() 0592 3.072 3.55° 2.90° 2.77° 0.05 0.02
Protein (%)

; 1000% 511s5) Siloges (slo

(5 “l“’ i) Sislege (slo ol 21767 22042  218.25 215.42 18.74 0.06
Somatic cells (SCC><1000/ml)
e 30.17°  33.3% 34,71 29.42° 1.25 0.03

Milk yield (liters)

o o e o )3 L oS 51 L5y g 0nd iRl @t ogee AlS 10395 5 75 50 gls cln Lo 5 w0ls Lo s ol otslojl (elajlog

(P<0/05) sl ooyl sne 3Mi3) gl ol o 03l L5 cglite 5 Y Boys b g y p3 oS olacySils

S ool
2

lExperimental diet include: control diet, no de-oiled rice bran and diet containing de-oiled rice bran with 50, 75 and 90%

replacement ratios with soy meal in the diet

2Means within same row with different superscripts differ (P<0.05).
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Table 4- Effect of experimental diets containing different levels of de-oiled rice bran on milk fatty acid pattern (%) in dairy cows

e sl oS 5

T i .
iilejl sloyles
H 1
Experimental treatments SEM P_value

Composition of fatty acid 1 ks 2 s 3w 4w

T1 T2 T3 T4
P sl 150 142 163 120 056 0.58
Decanoic acid
S el 113 105 160 173 042 0.81
Lauric Acid
S o 8.07 903 877 850  0.68 2.08
Myristic acid
Slly 2l 3367 3117 3310 3107 0.65 2.79
Palmitic acid
‘SWJ’MJL M‘ . 2.93 2.33 2.43 3.33 0.08 0.80
Palmitoleic acid
‘5"’”&1_”‘ M‘ 11.17 11.97 13.60 12.83 0.14 1.66
Stearic acid
‘Sﬁﬂ_" M‘ 28.27 29.10 28.80 29.53 0.72 2.68
Oleic acid
M"JM‘ . 2.73 4.20 3.30 3.33 0.73 1.11
Linoleic acid
‘SWJ’“J M‘ . 0.65 0.73 0.70 0.79 0.67 0.16
Linolenic acid
‘5""4"&‘_" M‘ . 0.16 0.27 0.30 0.17 0.19 0.13
Arachidic acid
il Gy slanl JS _ 56.03 5528 56.77 5550 0.69 2.56
Total saturated fatty acids
gl Npm S b o sl 3020 3143 3023 3220 058 2.75
Monounsaturated fatty acids (MUFA)
Eldlid Spmdz b oz sl 438 493 385 415 063 1.15
Polyunsaturated fatty acids (PUFA)
ol oz gladeal J 410 393 423 383  0.90 0.70

Total trans fatty acids

iilofl elo gl lis oy 3 L dlluS 5l iy (5 00d uiels @ s AbxS 30395 5 7550 ol (sl o 5 w0li o el Lslo]] (elaylog

i

Dy

Experimental diet include: control diet, no de-oiled rice bran and diet containing de-oiled rice bran with 50, 75 and 90% replacement

ratios with soy meal in the diet
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Table 5- The Effects of experimental diets with different levels of de-oiled rice bran on body condition score (BCS) in dairy cows

ialejl (sloylos
Experimental treatments

SEM P-value
1jles 2 Jog 3 Jlogs 4 o
T1 T3 T4
S S 0500 467 4.00 4.06 4.83 0.66 0.06

Body condition score (BCS)
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1

Dy

Experimental diet include: control diet, no de-oiled rice bran and diet containing de-oiled rice bran with 50, 75 and 90% replacement

ratios with soy meal in the diet
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Table 6- The Effects of experimental diets with different levels of de-oiled rice bran on blood parameters (Mg / dl) in dairy cows
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Introduction The use of agricultural products that are often less costly has long been considered by
researchers, and due to some problems with the direct use of these products in animal nutrition, their processing
seems to be necessary in a variety of ways. In the meantime, by-products derived from cereals, such as wheat
bran and rice bran, are especially important due to their high production and low prices. Rice bran can be one of
the world's largest cereal processing by-products. Considering the significant amount of rice bran production in
the northern provinces of Iran, its low price and the possibility of replacing it as part of the ration and, on the
other hand, due to the presence of unsaturated oil, it seems that its lubrication It will probably increase the
maintenance time and improve its nutritional value. The main problem is the use of rice bran, phosphate phytate,
oil and high silica. Considering the significant amount of rice bran production in the northern provinces of the
country, its low price and the possibility of replacing it as part of the ration and, on the other hand, due to the
presence of unsaturated oil, it seems that its lubrication It will probably increase the maintenance time and
improve its nutritional value. The objective of this study was to evaluate the different levels of de-oiled rice bran
replacement to soybean meal on milk production and composition, the profile of fatty acids in milk, body
condition score and some blood parameters of dairy cows.

Material and methods An experiment was conducted using 12 of Simmental dairy cows with a mean weight
of 630427 kg, a mean milk yield of 35+1.7 liters per day and an average of 109+17 days of lactation in a
completely randomized design with four treatments and three repetitions. The experimental treatments were
included control diets without de-oiled rice bran and diets containing de-oiled rice bran replacing 50, 75 and
90% to soybean meal. The diet used was based on the table of nutrient requirements of NRC, (2001) and the diet
was prepared by the NRC, (2001) software. The traits studied in this experiment included milk composition and
production, body condition score, profile of milk fatty acids and some blood serum parameters of dairy cows.
The oil-rice bran used in this experiment was prepared from Mazand factory, located in Mazandaran province,
Babolsar city. The data were collected and experimental design was a completely randomized design with four
treatments and three replicates using 12 heads of dairy cows with repeat measurement and using the GLM and
SAS software (9.1).

Results and discussion The experimental results showed that the experimental diets had a significant effect
on the composition and production of milk, so that the production of milk in a treatment containing de-oiled rice
bran replaced with 75% soy meal was more than other experimental treatments. The percentage of milk protein
in a treatment containing de-oiled rice bran replaced with 50% soy meal was more than other experimental
treatments. Also, the results showed that the highest percentage of milk fat in the control treatment and the
lowest milk fat in the treatment of de-oiled rice bran was replaced with 75% soybean meal, which had a
significant difference with other treatments. There was no significant difference in the number of somatic cells
between treatments. Body condition scores were no significantly affected by experimental diets. The effect of
treatments on milk fatty acids was not significant. Also, the addition of de-oiled rice bran had a significant effect
on blood parameters, so that by increasing the level of rice bran in the diet, up to 75% of the soybean meal
replaces a significant decrease in blood levels other than glucose. In addition, the control treatment had the
highest levels of triglyceride and cholesterol and the amount of HDL in treatment containing de-oiled rice bran
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replaced with 75% soy meal was significantly higher than other treatments.

Conclusion According to the results of this experiment, the use of 75% of de-oiled rice bran replacement to
soybean meal in the diet, increased milk yield and reduced fat percentage in dairy cow compared to control
treatment. Also, the reduction of cholesterol, triglycerides and HDL levels in dairy cows were observed
treatment containing de-oiled rice bran replaced with 75% soy meal. It seems that the use of 75% of de-oiled rice
bran replacement to soybean meal in the diet, showed better performance than the other levels in the production

factors of dairy cows in this study.

Key words: Blood parameters, Dairy cow, Milk fatty acids, Performance, Rice bran
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Table 1- Ingredients and chemical composition of rumen fistulated sheep
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Alfalfa Hay
puiS oS 10
Wheat Straw
@ 15
Corn Grain
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Barley Grain
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Cottonseed Meal
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Wheat Bran
oty Jofo 0.25
Vitamin Premix
e JuSe 0.25
Mineral Premix
RN 05
Salt
Chemical Composition
(Mo p3) S 03lo
52
Dry Matter (%)
(Sizs onlo | duopd) pls ot 16
Crude Protein (%DM)
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Neutral Detergent Fiber (%DM)
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Acid Detergent Fiber (%DM)
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Ether Extract (%DM)
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Table 2- The gas production volume (mL/g DM) and gas production parameters of experimental treatments

mlosSl Gl el > il (slayless 5 455 gln aseo 5 (S35 o3l 25 sl 4 2 o) S5 A5 Ol -2 g0

posibe glie bjloss (2 4l
Source of Selenium Comparisons
. N T Y
29 p . SEM & J ns by ety el
tem? S e ! e ? . Nano-Se  Nano-Se  Organic-
Organic-  Inorgan Control  Control Control VS, VS, Se vs.
Control ~ Nano-Se . Vs, Vs, V5. . . .
Se ic-Se . . Organic-  Inorganic-  Inorganic-
Nano-  Organic- Inorganic- Se Se Se
Se Se Se
2h 53.9 37.7 32.7 51.3 3.44 <0.01 <0.01 0.61 0.34 0.02 <0.01
4h 108.0 104.9 85.9 73.0 4.16 0.62 <0.01 <0.01 0.01 <0.01 0.06
6h 151.0 1455 120.2 108.5 4.48 0.42 <0.01 <0.01 <0.01 <0.01 0.10
8h 182.9 168.9 144.0 122.4 6.69 0.18 <0.01 <0.01 0.03 <0.01 0.05
12h 188.2 195.0 177.3 155.1 8.76 0.6 0.40 0.03 0.19 0.01 0.11
16h 194.6 216.5 201.7 181.7 9.74 0.15 0.62 0.37 0.32 0.04 0.18
24h 198.3 254.3 239.6 220.4 11.14 <0.01 0.03 0.20 0.38 0.06 0.26
36h 201.3 299.0 276.4 271.6 10.47 <0.01 <0.01 <0.01 0.17 0.10 0.75
48h 202.3 3234 299.4 288.0 11.20 <0.01 <0.01 <0.01 0.17 0.06 0.49
72h 203.6 342.6 320.0 304.8 11.74 <0.01 <0.01 <0.01 0.21 0.05 0.38
96h 205.1 352.3 329.9 3204 11.69 <0.01 <0.01 <0.01 0.21 0.09 0.58
5 2y sla amsiia
Gas Production Parameters
Al 201.9 344.0 321.7 319.8 11.38 <0.01 <0.01 <0.01 0.20 0.17 091
ct 0.274 0.060 0.056 0.048 0.010 <0.01 <0.01 <0.01 0.96 0.40 0.42

5 o3izal S5 g5 igail > aiged o 3 )53 senbsSil sl o ol

(cels 5 2 o) 55 My 653 C (S35 wsle 5 31 & 2 (o) 35 dys il A
! Three samples were analysed in gas production for each incubation hour.
2A: Potential of gas production (ml/g DM), 3C: Gas production rate (ml/h).
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Table 3- The gas production parameters in experimental treatments*

posile gl
B g wess glayiel)ly Source of Selenium
Gas production parameters posiles 6l I posils R Jys
. . 2 P-Value
Nano-Se  Organic-Se  Inorganic-Se Control SEM

W?L“’ J’L" (.55)’” a ab ab b

9.34 8.88 8.28 7.59 0.605 0.03
ME (MJ/kg DM)?
@b oAl (655 a ab ab b

5.67 5.33 4.89 4.38 0.443 0.03
NE_ (MJ/kg DM)*
wan B J.‘ ool a ab ab b

60.89 57.95 54.10 49.70 3.855 0.03
DOM (%)°
2550l e slasl a ab ab b

1.12 1.05 0.97 0.87 0.085 0.03
SCFA (mMol/200mgD)°

il (P<O.05) 5 ixe (ol GMST arims (L5 ks po 5 igd,y po )3 ogliso g o

'Means with different superscript letters in rows are significantly different (P<0.05).

2SEM: Standard error of the mean.

3ME: Metabolizable energy (Mi/kg DM)

“NE, : Net energy for lactation (MJ/kg DM)

*DOM: Digestible organic matter (%)

®SCFA: Short chain fatty acids (mMol/200 mg DM)
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Table 4- Effects of Selenium supplementation form on ruminal protozoa’
posile glsd
los895 9 Source of Selenium
Type of protozoa posil gl Il ol S posiles
Nano-Se Organic-Se Inorganic-Se SEM? P-Value
O sl
Dasytricha 4.40° 3.83° 1.65° 0.628 0.03
posia il
Entodinium 5.44 5.50 5.41 0.051 0.51
oSyl 8
Ophryoscolex 3.46° 3.64° 0.98° 0.655 0.04
Pasdskn
Diplodinium 2.97° 4.62° 2.24° 0.403 0.01
poradsldgll
Eudiplodinium 0.30° 2.42° 0.30° 0.512 0.03
lojgisn sl &5 nlo
Other Protozoa 5.21 5.37 5.21 0.092 0.42
hidan sl 455 S 5.74° 5.89° 5.72° 0.047 0.04

Total sum

il (P<O.05) 5 ixe (ol GMST arims (L5 ks po 5 igd,y po 3 oglizo g o

'Means with different superscript letters in rows are significantly different (P<0.05).

2SEM: Standard error of the mean.
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Table 5- Effects of Selenium supplementation on ruminal pH, volatile fatty acids and ammonia-N*

il gl
Source of Selenium
e ol b o ke e el
Variable Nano-Se Organic-Se Inorganic-Se SEM? P-Value
VEA (mmol/lit)® 109.83° 98.00° 89.83° 3.047 <01
NH4 (mg/dL)* 13.72 13.73 14.10 0.388 0.14
pH5 6.46 6.59 6.36 0.162 0.13

sl o (PO.0BY s ixe (2 ol M) sims olis Lisky yo j1 iudy ym 3 Cogli Cigot
'Means with different superscript letters in rows are significantly different (P<0.05).
2SEM: Standard error of the mean.
3VFA: Volatile fatty acids
*NH4: Ruminal ammonia-nitrogen
°PH: potential of hydrogen
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Introduction Generally, most feeds used in livestock nutrition are deficient in some nutrients, and require
nutritional supplements. Among the supplements, micro and macro minerals are particular importance. Selenium
(Se) plays an important role in the reproductive function and immune system and is known as an antioxidant and
catalyst for the production of thyroid hormone. It is believed that low selenium absorption in ruminants is due to
the deficiency of selenium in ration and its conversion into insoluble form. Nano-particles are smaller and more
active than larger particles. The importance of Selenium for rumen microorganisms are not entirely clear. Also,
selenium is an essential trace element, and its importance for animal health and productivity has been well
confirmed. Selenium has known to be involved in enzyme activity and preventing oxidative damage to body
tissue. Selenium plays important roles in antioxidant systems, prevents cell damage and is necessary for growth,
fertility, and immune system in farm animals. Recently, nano -elemental Se has attracted wide spread attention
due to its high bioavailability and low toxicity, because nanometer particulates exhibit novel characteristics, such
as great specific surface area, high surface activity, a lot of surface active centers, high catalytic efficiency and
strong adsorbing ability and over and above the character of low toxicity of Se0. Dietary selenium is an essential
trace element for animals and humans with a variety of biological functions. It plays important roles in the
regulation of thyroid hormone metabolism, cell growth and antioxidant systems thus, together with alpha-
tocopherol prevents cells against oxidative stress damage, also these compounds are necessary for growth,
fertility, and immune system health in animals and humans. The objective of this research was to investigation
the effects of different sources of selenium on digestion characteristics of concentrate mixture of diets in high
producing lactating dairy cows using in vitro gas production technique.

Materials and Methods Four male ruminally fistulated sheep, average 43+4.8 kg of BW, were used in a
replicated 4x4 Latin square experiment. Sheep were fed twice daily (08:00 and 18:00 h) at maintenance nutrition
requirements with a basal diet consisting of 400 g/kg (dry matter) DM of basal concentrates and 600 g/kg DM of
forage. Sheep were placed in metabolic cages individually and fresh water was freely available during the
experimental period. This experiment was conducted in four periods of 28 days with 21 d adaptation period and
7 d for data tacking. Treatments were: 1. Basal diet 2. Basal diet + 0.3 ppm nano selenium, 3. Basal diet + 0.3
ppm seleno methionine, 4. Basal diet + 0.3 ppm selenite sodium. The rumen fluid was mixed with artificial
saliva (1:2 ratio, respectively) in lab, and then nano-Selevels and seleno methionine added to it. In gas
production method, 300 mg of each treatment weighted and incubated for 2, 4, 6, 8, 12, 16, 24, 36, 48, 72, 96
hours. In order to determine the effects of different forms of selenium on rumen parameters, concentrations of
VFA and NH4, value of pH and population of protozoa were examined. Samples of rumen fluid were collected
through the cannula at 4 h after feeding on days 19 and 20 of each collection period for pH, NH3-N, and volatile
fatty acids (VFAs) determination. Ruminal pH was immediately measured using an electric pH meter. The
samples were subsequently stored frozen at —20 - C until analyses.

Results and Discussion Potential of gas production (fraction A) of nano, organic and inorganic treatments
were higher (201.9, 344.0, 321.7 and 319.8 ml in control, nano, organic and mineral treatments, respectively)
compared to control treatment (P<0.05). The nano selenium treatment had higher VFA concentration (109.83,
98.00 and 89.83 mmol/I in nano, organic and mineral treatments, respectively) when compared with organic and
inorganic treatments (P<0.05). Rumen NH4 concentration was not affected by treatments. The organic treatment
caused a significant increase in total protozoa population when compared with nano and inorganic treatments
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(P<0.05).

Conclusion The results indicated that selenium supplementation in ruminant diet improves ruminal nutrients
degradability's compared to control. Therefore, the use of nano-Se resulted to increase digestibility and
fermentation of nutrients resulted improved rumen microorganisms activities. Although nano and organic
selenium was better than inorganic treatment in ruminal degradability and rumen parameters, however there was
not any significant differences between these two treatments.

Key words: Gas production, Nano, Selenium, Sheep, Rumen fermentation parameters
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1- Temperature humidity index
2- Co-Variate
3- Repeated measures
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Tablel- Ingredients and chemical composition of experimental diet

oy sljal (Auoy3) jlads
Ingredients Amount (%)
dog 25
Alfalfa hay

P &by 56.8
Barley grain

Soybean meal

pAS g 6.7
Wheat bran

e Ol Sy 0.8
Sodium bicarbonate

S 05
Salt

el LS 0.9
Calcium carbonate

1

sty idee ga JoS N

Mineral-vitamin mixture

(10)3) (stlrorsd oS 5
Chemical composition (%)

Pl nfign 14.5

Crude protein

sylolas 2.4

Ether extract

hﬁ;”“?‘:’ 2 Jglomel S 32.8

2, = z P

(PS54 2 GJEK) omdsilio (555 25

ME (Mcal kg™)

Cué 0.82

Ff‘“é 0.45

£255) 48
n

- 51 510 pguile 100 5y 200 s 280 o tp,5 2 550 53 (] 20 e 90 youd 195 (s 1(JoSe K25 oole o5 5k 52 o ) aonlisial ialy g gidno Slge JoSo 53
25 ke 100 E poliyg g asly 100000 D ooty g casly 500000 A yuolig o5 i 400 s
anloss auubrs (SRNS) Sa58 J5125ly5eis omngionss Jdle basgs (o2 pyS5bS 53 £ S10) oyl 55,57
“The mineral-vitamin mixture contained (per kg supplement): Ca 195 g, P 90 g, Mg 20 g, Fe 3 g, Mn 2 g, Cu 280 mg, Co 100 mg, |
100 mg, Se 10 mg, antioxidant 400 mg; Vitamin A 500000 IU, Vitamin D3 100000 IU and Vitamin E 100 mg.
2 Metabolisable energy (Mcal kg™) was calculated by small ruminant nutrition system software (SRNS).

wboxr e g g Clile -2 g
Table2- Zn and Cu concentrations of the basal diet (mg kg™ DM)

Pl (St oslo oS58 3 S o) 53y (S5 03l pSALS 53 5 ) (e
Items Zn (mg/kg DM) Cu (mg/kg DM)
ol 54 12

Concentrate feed

rig gl 30 10.7

Alfalfa hay

Lglses SIS S1y8 48 117

Total mixed ration
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Figurel- Temperature-humidity index (THI) during experimental period
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Dlgige pol Gileil 13 59y sloJeSo 0115 G pas (slaoy 5
ol (B) lagsingy il 4l | U3 Lol 098 ol s clale
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Table 3- Serum zinc and copper concentrations of lambs fed zinc supplements*

izlojl 035

] P-Value
Experimental group

ol b (?) cbi Aal Ofge™ 59) Sy Slidgs SEM ).I\.m,: e clejiless
Parameter (V\;(r;:a?() Control Zn-Met ZnS0O, r Time Trt*Time
(Z":a: (’;Ij;s 955 9, 0005 015 0.61

0 85.5 89.9 81.0 9.41

3 81.3° 119.5 108.7 9.93

6 103.8 118.0 117.7 9.93

9 110.2 135.0 114.7 9.93
E’:’ 0.73 0.90 0.96

0 42.6 38.8 47.4 5.84

3 34.5 29.5 35.8 5.93

6 31.2 29.8 33.0 5.93

9 28.8 32.0 35.8 5.93

*Means within the same row with different superscripts differ (P < 0.05).

(P < 0/0B) sy o GMESI (el)ls S o g b cigd) o (cloySilst
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dou 5l culSe a5 3g (aly TUT 5 uslead (s yoolSgen p,5
L 25 59y sbadeSa b oda s oy )3 mpl ool colled
slaoys o8 oo rl el olis L« oylel Llodas ol 3¢9
(P = 0/04) 545 I sine 305 b duslio > cyigaiom 69y 09,5

~ e 60 35 L e hie (Y bl ol s OS5,
(1) 1 (355 s )3 1y p,S5kS s 55 (59) JoSo .5
Wlgien pob Ghalefl 53 e Bl g5y slaeSe U pus
03938l 59y JoSa Jlo o g by 0y (e (SIS clalé I o0
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Al e ol polie gl il oy a8 ams
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Table 3- Serum calcium and phosphorous concentrations of lambs fed zinc supplements®

halel 09,8

P-Value

Experimental group

R ol 5
aoxal b () obes s P9 S5 d o ol olesles
Time 89 SEM Trt i *Ti
Parameter (Week) Control Zn-Met 250 Time Trt*Time
NSOy
(3w fl;féf)wlf 0.45 0.02 0.49
Ca(mg dI™)
0 8.9 9.1 9.0 0.14
3 8.3 8.8 8.5 0.29
6 8.6" 9.2%® 9.42 0.29
9 9.4 9.2 9.2 0.29
(5gw ;flrwf)fw 0.73 0.02 0.37
P (mgdl™)
0 5.5 5.3 4.8 0.35
3 5.7 5.4 5.6 0.43
6 5.7 6.3 6.3 0.43
9 6.2 6.9 6.1 0.43

(P < 0/0B) sy o BMS] (el)ls S ol g b cigd) o cloySols

*Means within the same row with different superscripts differ (P < 0.05).
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Table 5- Blood superoxide dismutase (SOD) and alkaline phosphatase (ALP) activities of lambs fed zinc supplements®

izlojl 095
Experimental group

P-Value

doxiulyp (ﬁ?r)n‘;w sald Peem 89y S9y lgw SEM )TLAr: ol Olejless
Parameter (Week) Control Zn-Met ZnS0Oy Time Trt*Time
SOD (U g*Hb)

0 1150.7 1175.0 1262.0 79.61

3 1119.2 1278.8 1231.0 79.20

6 1152.5° 1274.0% 1416.2° 79.20

9 1192.0° 1524.3 1285.0%° 79.20
(3 2 22l) Jolins oS 0.04  0.001 0.07
ALP (U I

0 33.3 32.4 32.8 6.82

3 37.7"° 66.2% 69.0° 7.66

6 61.5" 69.6™ 87.8% 7.66

9 77.8 82.4 92.3 7.66

(P <0/05) il o B3] eyl o jiia i gy by sy o clopSilyer
'Means within the same row with different superscripts differ (P < 0.05).
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Table 6- Blood glucose and total protein concentrations of lambs fed zinc supplements*

wislel 09,5 P-Value
Experimental group
. FRIR . loss

oxiul b (4*-:-7')«”‘; ’ sals O™ 89) $9y g SEM )TI"[ o Olejles
Parameter (Week) Control Zn-Met ZnS0y, Time Trt*Time
(s 2 .5 k) 55515 069  <0.0001 0.44
Glucose (mg dI™)

0 42.8 39.5 404 3.51

3 43.6 40.0 425 3.70

6 53.8 56.6 49.6 3.70

9 58.3 51.3 55.7 3.70
(s 2 25) B 039 0.001 0.79
Total protein (g dI™)

0 6.66 6.17 6.98 0.275

3 6.41 6.55 7.00 0.283

6 6.85 7.13 7.30 0.283

9 7.25 7.40 7.49 0.283

(P < 0/05) il o B3] eyl o jiia i gy b sy o sl cpSile.

'Means within the same row with different superscripts differ (P < 0.05).
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Dietary organic and inorganic zinc supplements in Kermani male lambs:
Impacts on serum minerals, antioxidant status and some blood parameters.
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Introduction Sheep production in arid and semi-arid parts of Iran undergoes feed shortage due to poor
natural vegetation. Trace minerals, as metabolic modifiers, are essential in ruminants’ diets because of their
contribution in biochemical processes required for normal growth and development. Zinc (Zn) is one of the most
deficient minerals in soils of many parts of the world including Iran. Zinc is known to affect growth,
reproduction and immune system of the animals. Although administration of Zn supplements in ruminants’ diets
has been receiving increased attention in recent years, however, it is not well-established that how much of Zn
supplement is more effective for improving fattening lambs’ performance, metabolism and antioxidant status.
Furthermore, there are a few information about blood minerals of Kermani sheep. Thus, the aim of this study
was to evaluate the likely effects of different Zn sources on some blood parameters related to animal health and
production.

Materials and Methods This study was conducted at the Research Station of Department of Animal
Sciences, University of Jiroft, Iran. Twenty-one Kermani male lambs (7 months of age, 28 + 0.9 kg of body
weight) were assigned to 1 of 3 following treatments (7 lambs each) for 9 weeks in a completely randomized
design: (1) Control diet; (2) Control diet plus supplemental zinc-methionine (Zn-Met, 40 mg/kg dry matter
(DM)) and (3) Control diet plus supplemental zinc sulfate (ZnSO4, 40 mg/kg DM). Two weeks adaptation
period to basal diet was done before the experimental period. Basal diet contained 48 and 11.7 mg/kg DM of Zn
and Cu respectively. Blood samples were collected before commencement (time 0), and at weeks 3, 6 and 9 of
the experiment. Serum minerals and metabolites concentrations and whole blood superoxide dismutase activity
(SOD) were measured. Maximum air temperature and minimum relative humidity data were used to calculate
the temperature-humidity index (THI). Statistical analysis was carried out using SAS software. A mixed model
with fixed effects of treatment, week and treatment x week, as well as the random effect of lamb within
treatment x week were used. Time of sampling (week) was used as a repeated effect and subject for the repeated
statement was lamb within dietary treatment. Where biologically worthwhile and significant, the initial values
for blood metabolites (before supplementation (time 0)) and initial body weight were included in model as a
covariate to further improve the analysis precision. The significant differences were declared and tendencies.

Results and Discussion Based on the findings, Kermani male lambs of this study had deficient blood Zn
contents (under 90 pg dl-1) before the commencement of the experiment. Lambs on Zn-Met- and ZnSO4-
supplemented diets had higher serum average Zn concentrations than those on the control diet (P<0.05). Serum
Zn content showed a time-dependent trend so that Zn-supplemented groups had higher Zn concentrations at
week 3 in spite of weeks 6 and 9 of the experiment (P<0.05). The concentrations of serum calcium, phosphorous
and copper were not affected by the treatments. However, calcium and phosphorous increased by time (P=0.02).
Dietary Zn supplementation of lambs, irrespective of its source, led to increased average blood alkaline
phosphatase activity (ALP) which was more obvious in week 3 of the experiment (P<0.05). This similar trend
between Zn and ALP contents through time may imply to the close association between blood Zn concentration
with ALP activity. Lambs on Zn-Met-supplemented diet exhibited improved SOD activity comparing those on
the control diet (P<0.05). These findings, suggesting that at least the supplemented Zn is being incorporated in
the system, resulting in increased SOD activity. Serum glucose and total protein concentrations increased during
time (P<0.01) but no differences were observed among experimental groups.

Conclusion These results indicated the beneficial effects of dietary Zn supplementation of 40 mg/kg diet for
increasing serum Zn concentration and alkaline phosphatase activity of male lambs. Zn-Met was more effective
than ZnSO4 for improving antioxidant status. In addition, no adverse effects of Zn supplementation on serum
copper, calcium, phosphorous, glucose and total protein concentrations were observed. Additionally, some blood
parameters such as Zn concentration and ALP activity revealed a time-dependent variation in this study which

1- Assistant professor, Department of Animal Science, Faculty of Agriculture, University of Jiroft, Jiroft, Iran
(*-Corresponding Author Email: moosaee.amir@gmail.com)
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suggests that repeated blood sampling may be more appropriate than endpoint sampling particularly in respect to
blood metabolites.

Key words: Kermani lamb, Minerals, Superoxide dismutase, Zinc supplement
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Tablel- Experimental basal diets

) e sl (S35,1-10) el (S35,11-28) a5, (5525-82) Ak
Feeds ingredients Starter (1-10 day) Grower (11-24 day) Finisher (25-42 day)
)b iy
44,029 52.05 58.445

(Corn)

g s 9.409 - -
(Corn Gluten meal) ' - -
by al> Ao 39.369 40.078 34319
(Soybean meal)

by o9 2.302 3.815 3.397
(Soybean oil) ' ' '
lawd m......\f <>

(Di-calcium phosphate) 2.223 1.956 1811
weelS Sl 1.219 0.969 0.955
(Calcium carbonate)

ciJ 0.242 0.029 0.020
(L-Lysine)

cise Jrs> 0.214 0.245 0.207
EDL-Methlonme)

ey JoSa 0.25 0.25 0.25
}/ltamm permix

5420 Mg JoSo

N, 0.25 0.25 0.25
S 0.255 0.326 0.326
(Salt)

G 09 0.149 0.031 0.020

(Baking soda)

(7)) oy b0wis (5305 031051 (gdk0 dg0
Dietary determined nutrients (%)

St o3le 89.801 89.535 89.170
(Dry Matter)

(P25 945 32 65 5kS) puddgilio LB (5551

Metabolize Energy (Kcal/kg) 2950 3000 3050
(“’C“mﬁfFat) 4.294 5.799 5.581
(Méalcium) 1.027 0.880 0.831
o> B jind 0.491 0.440 0.411
(Available phosphorous)

by 1.0 0.9 0.9
(Potassium) ' ' '
Féﬁéium 0.167 0.162 0.158
o S8 o 0.613 0.542 0.481
(Methionine digestible)

o JB ol 1.341 1.123 0.984
(Lysine digestible)

w0 S G~ e 0.987 1.388 0.759
(Methionine + Cysteine digestible)

wan JB odgy 0.895 0.755 0.678
(Threonine digestible)

ol JoB (Lol 5 0.254 0.237 0.210

(Tryptophan digestible)

oMy )5 (o 15/0 s Y boS gl ¢ ladl 1y dlg 80K oling e Lol oy d5lg 5000 :» Omelg (Mol o ssly :65‘5] Oling e Lol oy 5lg 9000 4 Oeoling i gob oy p)SlS 12 -1
by 5 ke 1 it s )5 o 3 oS 9950 25 oo 8L il )5 o 0 sne 05 o 500 05”05 (o 30 il 5 o 10 105k el 57 (s 616
_ 92255 oo 100 3555 S ) i) (5 )5 o 2 segeobin

g0 o 002 cpsils 05 o Loty 08 (1o 50:0] 28 (o 10 2o )5 (oo 50 555 5 (oo 100 55800 gl 02 p)Shs” po -2

1- Vitamin premix per kg of diet: vitamin A 90001U ; vitamin E 65 IU ; vitamin D 5000IU ; vitamin K 801U ; cyano cobalamin 15 mg ;riboflavin6.6mg ;

calcium panthothenat10mg ; choline500mg ; biotin1mg; thiamin 8.1mg ; pyridoxine3mg ; folic acidlmg ; antioxidant100mg.
2-Mineral premix per kg of diet: mn 100mg ;zn 50mg ; cu 10mg ; fe 50mg ; I 1mg ;se .2mg.
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Table 2- Effects of lysine and betaine on performance and heart indices of broiler chickens under cold induced ascites at 42

days of age’

o slos Oi9 LRlH) Shgs B pae p3) ok JS 4 coly glay s )

o (395 2 £55) (395 52 Shed b cops Right ventricle to whole Sl G 1oy
Treatments : ! ) . . ical : =

Weight gain Feed intake Feed conversion ratio ventrical Ascites mortality %
(g/d) (g/d)

ald 34.07° 93.99° 2.76° 0.38° 39.99°%
Control
o 38.98° 83.24° 2.14° 0.26" 25.33°
Lysine
st 39.40° 84.54° 2.14° 0.255 21.33"
Betaine
ot g i b b b b
Lysine and 38.78° 84.90 2.20 0.24 24.00
Betaine
SEM 0.682 1.234 0.073 0.021 2.280
P-value 0.0062 0.0008 0.0001 0.0001 0.0057

(P<O/05) 13l Lo o b (5l gime SIS gl cgliste By (s sl (S0loo cindy o o7

! Means within same row with different superscripts differ (p< 0.05)
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Table 3- Effects of lysine and betaine on carcass characteristics of broiler chickens under cold induced ascites at 42 days of age®

o lows (') asy () dis oS (%) ol cesss () oSs 08> 2
Treatments Carcass Breast meat Thigh meat Abdominal fat
el 59.54 " 18.84 © 17.26° 1.06°
Control

o 65.71 % 2247 ° 22.02° 1.04°
Lysine

“”L” 66.86 * 26.16° 21.28% 0.59°
Betaine

"wu ? o . 66.77 2 23.48°%® 20.63% 0.86°
Lysine and Betaine

SEM 1.031 0.692 0.500 0.071
P-value 0.02 0.0001 0.0003 0.049

(P<O/05) 1y o o b ()3 sime BMI (gl)ls cglite By > (gyls (ol uSilin i) yo0 0"

! Means within same row with different superscripts differ (p< 0.05)

Lol g (1555 sladese oy 4 ol (903 a8l aplie
(22) codd szl a3 (2 5 (g0 03 32 (6580 a5
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adY cudsS PH g (22 5 (o «Cusk)) (sdse dlge (5536

(2) cad 03l i b (claasgs 4

PH 5 (2 5 0 «omshy) (sdto dlge polie 4 oo

sdse Ay i3 oo LS |y (S sladrgr dhw g oy S
CE)S5 )15 (Si9) 42 o 3 stalofl slaless b Cov S
75 0b g At alide 5> a0 cbsS PH izeen (P>0/05)
0S5 (P>0/05) e85 1,5 (5l 5 ) e U o
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Table 4- Nutrients (moisture, protein and fat) and pH of breast and thigh meat of broiler chickens fed with lysine and betaine under
cold induced ascites at 42 days of age

o lows (1) cagy () w9z %) w2
Treatments PH Moisture Protein Fat
Oy cudgs

Thigh meat

sl 5.74 65.22 18.63 14.72
Control

“”‘J 5.78 65.86 17.53 15.92
Lysine

U“L“ 5.78 64.03 19.13 15.94
Betaine

ooyl 5.83 64.40 18.24 16.03
Lysine and Betaine

SEM 0.02 0.33 0.24 0.34
P-value 0.19 0.19 0.14 0.49
Breast meat

sl 5.88 67.62 24.30 7.05
Control

U”‘J 5.98 67.38 24.36 7.32
Lysine

U“L“ 5.93 66.15 24.70 8.16
Betaine

"‘“L” 9 023 . 5.92 65.50 24.84 8.61
Lysine and Betaine

SEM 0.032 0.390 0.224 0.262
P-value 0.31 0.16 0.81 0.11

Wald sladage L dlie 3 (gl (F Cud)d Gl jlas
a3 Nlgi e (5 Cudyd Glosel Hlad als (P<0/05) wisls
2 g Gl 0dd Y padgslie (iol38l caely oS Al olojw s
ol g ol ails JLs @ 1) Geaml g Lawdly anspl GialS 4o
(8) 3,5 D3 opeling Jld IS Al cubls p ate )3l ooy
wxio Ay S Cage jodnl g Lewdly Al Al (icxen
DS (1) casl osis 5 cusyd lgseal jad ialS g Slgscd
P Pime dlao Jolwi paeg pedS Cin ialS oS col i
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A i &S ol ons o3l Lis (24 514) 59 e b (sylual
oy gshso 3 o] o on )3 g A8 o0 S 039l S ol
Yl o D) e g5l lesiial dawes 1> 5 Sy o JBlis
9 298 plyid Colu p (ployw A5 ite Ol Rl o
5 03b gzl o 1 Ll ) (ialS s (3 35108

(8) el $go by (s lminls 59

(simbsy 9 S50 )8 83y5) Sy gloaeinl B liee O >
J plSomn amdgo LS |y (dsS (sl a2 g Ay () CudgS
6 CoS d S ((bg) 9 (53008 «82)]) Sy (sladoeinlp
(P>0/05) bS5 )8 (559,42 oy > (inlojl slnlos
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Table 5- Effects of lysine and betaine obreast and thigh meats color indices of broiler chickens under cold induced ascites at 42 days

of age

. e 23} L.
Lo sl Ye”gN SB
Treatments Lightness Redness
Oy cudgs
Thigh meat
Al 45.72 3.96 5.13
Control
o 45.02 3.80 491
Lysine
wu 44.95 461 4.90
Betaine
o 5 el _ 45,51 474 451
Lysine and Betaine
SEM 0.284 0.161 0.130
P-value 0.75 0.90 0.38
Breast meat
ol 43.92 6.48 5.47
Control
o 43.80 7.32 450
Lysine
ot 4178 6.25 4.66
Betaine
oes o 42.75 5.51 3.69
Lysine and Betaine
SEM 0.844 0.432 0.372
P-value 0.81 0.56 0.43
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Table 6- Effects of use lysine and betaine on bone indices of broiler chickens under cold induced ascites at 42 days of age’

o by Jobo o by b

. PN . AL AW
laylos () s oole (f)usls (/) e (/) oS (st (sl LZ’; e
Treatments Dry matter Ash Phosphorous Calcium Tibia |(_Conr:§,itude Tibia((iirz;r)neter curvature
sl 71.19 47.20 15.53 30.65 9.10 6.00° 16.00
Control
""’J 68.51 44.71 16.04 31.88 8.70 7.34% 10.66
Lysine
"‘”L’ 62.18 47.32 17.49 31.85 8.74 7.04% 10.66
Betaine
o8l g i
Lysine and 61.34 46.82 18.45 31.96 8.82 6.94% 13.33
Betaine
SEM 1.492 0.991 0.801 0.760 0.090 0.173 1.141
P-value 0.06 0.79 0.59 0.93 0.36 0.02 0.26

(P<0/05) 12l oo o b (g b3 sime BMS] (eb Sglisie By > (gyls sla uSilio i3y o 3t
! Means within same row with different superscripts differ (P< 0.05)

oS sladsgs > ol Sl JialS pisen g 4BY cuiS g I S5 Ao

5 PHe (02 5 09 cCugby) o dlge g 33,5 o .
CuraS 3)Shos gm0 crge (il g (3 Span (I Hgb



1398 30 3 oylects A1 alor 3l ol pole glesdido}s 4 pis 338

250 (6580 (5 by lgmriwlylad Iy Sl sladon il 5 dw cidsS g o) coisS SO slbasunl B

&l

1- AOAC International. 2002. Official Methods of Analysis. 15th Edn. Association of official analytical chemists
Washington, DC.USA.

2- Azizmesgari, Z., M. Daneshyar and A. Aghazadeh. 2017. Effects of betaine on performance, some blood indices,
antioxidant status and internal organ weights of broiler chickens under heat stress. Journal of Veterinary Research,
73, 3: 297-304.

3- Arab, H., A. Jamshidi., G. Rassouli, and M. Hasanadeh. 2006. Generation of hyd roxyl radicals during ascites
experimentally. British Poultry Science, 47: 216-222.

4- Boulianne, M. and A.J. King. 1998. Meat color and biochemical characteristics of unacceptable dark-colored broiler
chicken carcasses. Journal Food Science, 63: 759-762.

5- Bouyeh, M. 2012. Effect of Excess Lysine and Methionine on Immune system and Performance of Broilers. Annals
of Biological Research, 3: 3218-3224.

6- Buclely, D.J., P.A. Morrissey, and J. Gray. 1995. Influence of dietary vitamin E on the oxidative stability and quality
of pig meat. Journal Animal Science, 71: 3122-31305.

7- Decuypere, E., J. Buyse, and N. Buys. 2000. Ascites in broiler chickens: exogenous and endogenous structural and
functional causal factors. World’s Poultry Science, 56: 367-377.

8- Dmello, J.P.F. .2003. Amino acids in animal nutrition. 2nd ed Formerly of the Scottish Agricultural College
Edinburgh U K, CABI Publishing, 187-281.

9- Druyan, S., D. Shinder., A. Shlosberg., A. Cahaner, and S. Yahav. 2009. Physiological parameters in broiler lines
ascites. Poultry Science, 88: 1984-1990.

10- Esteve-Garcia, E, and M. stefan .2000. The effect of DL-methionine and betaine on growth perfoemance and
carcass characteristics in broilers. Animal Feed Science and Technology, 850: 83-97.

11- Franco, J., A. Murakami., M. Natali., E. Garcia, and A. Furlan .2006. Influence of delayed placement and dietary
lysine levels on small intestine morphometrics and performance of broilers. Revista Brasileira Ciencia Avicola, PP;
8.

12- Henken, A.M., A. M. J. Groote Schaarsberg, and W. Vanderhel. 1983. The effect of environmental temperature on
immune response and metabolism of the young chicken. 4. Effect of environmental temperature on some aspects of
energy and protein metabolism. Poultry Science, 62: 59-67.

13- Julian, R.J. 1993. Ascites in poultry. Avian Pathology, 22: 419-454.

14- Julian, R.J. 1998. Rapid growth problems: ascites and skeletal deformities in broilers. Poultry Science, 77: 1773-
1780.

15- Kralik, G., I. Djurking., Z. Kralik., S. Zoran, and Z. Radisic. 2014. Quality indicators of broiler breast meat in
relation to color. Animal Science Papers and Reports, 32: 173-178.

16- Luger, D., D. Shinder., V. Rzepakovsky., M. Rusal, and S. Yahav. 2001. Association between weight gain, blood
parameters, and thyroid hormones and the development of ascites syndrome in broiler chickens. Poultry Science, 80:
965-971.

17- Petracci, M., M. Betti., M. Bianch, and C. Cavani. 2004. Color Variation and characterization of broiler breast meat
durig processing hn Italy. Poultry Science, 83: 2086-2092.

18- Pirmohamammadi, A., M. Daneshyar, P. Farhoomand, J. Aliakbarlu, and F. Hamian. 2016. Effects of Thymus
vulgaris and Mentha pulegium on colour, nutrients and peroxidation of meat in heat-stressed broilers. South African
Journal of Animal Science, 46: 278-284.

19- Qiao, M., D.L. Fletcher., J.K. Northcutt, and D.P. Smith. 2008. The relationship between raw broiler breast meat
color and composition. Poultry Science, 81: 422-427.

20- Remus, J. 2001. Betaine for increased breast meat yield in turkeys. World Poultry, 17: 1-2.

21- Rezaei, M., A. Attar., A. Ghodratnama, and H. Kermanshahi. 2007. Study the effects of different levels of fat and |-
carnitine n performance, caracass characteristics and serum composition of broiler chicks. Pakistan Journal of
Biological Science, 10: 1970-1976.

22- Tucker, L.A. and J. Remus. 2001. The effect of betaine on performance, water balance and gut integrity of
coccidiosis-infected poultry and its potential benefit in AGP-free diets. British Poultry Science, 42: 108-109.

23- Wang, Y., Z. Xu, and J. Feng. 2004. The effect of Betaine and methionine on growth performance and carcass
characteristics in meat duck. Animal Feed Science Technology, 1116: 151-159.

24- Wolfenson, D., D. Sklan, Y. Graber., O. Kedar., I. Bengal, and S. Hurwitz. 1987. Absorption of protein, fatty acids
and minerals in young turkeys under heat and cold stress. British Poultry Science, 28: 739-42.

25- Zhan, X. A. X., J. Li, and Q. Zhao. 2006. Effects of methionine and Betaine supplement on growth performance,
carcass composition and metabolism of lipids in male broiler. British Poultry Science, 47: 576-580.



Iranian Journal of Animal Science Research Olnl old pole (Gleiidgy g piid
Vol. 11, No. 3, Fall 2019, p. 331-340 Ay 331-340. 5 1398 50 3 o)leuis 11 uls

Effects of Dietary Lysine and Betaine on Meat and Bone Characteristics of
Broiler Chickens Under Cold Induced Ascites

A. Alipanah®, M. Daneshyar®”, P. Farhoomand?®, G. H. Najafi*
Received: 04-09-2017
Accepted: 23-07-2018

Introduction Nowadays commercial broiler strains need more oxygen for the faster growth and higher meat
production and are susceptible to ascites syndrome due to higher growth rate. Ascites is a metabolic disorder that
causes the increased free radical production, decreased level of body antioxidant capacity and hence meat
muscles destruction, pale color and lower quality. It damages the gut morphology and reduces the absorption of
amino acids and minerals and as a result leg problems. Lysine and betaine are nature osmotic nutrients and
control the water status in the absorptive cell and so protect the cell during the conditions of ascites. Thus lysine
and betaine may help the synthesis of protein, lowering the carcass fat, change the oxygen needs and results in
ascites in broiler chickens. Therefore, the purpose of this study was to investigate the effect of lysine and betaine
on meat characteristics and bone condition of broiler chicks under cold induced ascites.

Material and Methods Three hundred one-day-old female chicks (Ross 308) were used by employing a
completely randomized design with 4 treatments and 5 replicates (10 birds for each replicate) to investigate the
effects of lysine and betaine alone or together on carcass quantity and quality of broiler chickens under ascites.
The experimental diets were the control diet (corn-soybean basal diet without the supplement), 30% higher
lysine than Ross 308 strain recommendation, 0.15% beatine and 30% higher lysine and 0.15% betaine. The
dietary ingredients were analyzed for energy, crude protein and essential amino acids by NIR. All chickens were
raised under cold stress from day 7 of age to induce the ascites. To induce cold stress, a temperature of 31 ° C
was used in the first week but the temperature on 7, 14, and 21 days was reduced to 26 ° C, 20 ° C and 15 ° C,
respectively After 21 days, it lasted from 15 ° C to the end of the period. At 42 days of age, daily intake and feed
conversion and ascites mortality rates were calculated. Two bird from each replicate were randomly selected,
weighted and slathered. After slaughter, the proportional weights of carcass, breast, thigh and right ventricle
were determined with a precision scale of 0.001 gr. Moreover, thigh and breast meat samples were collected
from the slaughtered birds and used for laboratory analysis of nutrients, acidity and the color indices. All the data
were analyzed using the GLM procedure of SAS (Version 9.1) software. If there was a significant difference
between the treatments, then the means were further compared by Tukey-Kramer range test at a 5% level.

Results and discussion The results showed that both the lysine and betaine alone or together caused the
higher weight gain and the proportional weights of carcass, breast and thigh (P<0.05). Abdominal fat decreased
by consumption of betaine alone or along with lysine (P<0.05). Both the lysine and betaine alone or together
caused the decreased feed consumption, feed conversion, ascites mortality and right ventricle to total ventricle
ratio (P<0.05). The moisture, crude protein, crude fat, ash of both breast and thigh meat were not affected by the
experimental treatments (P>0.05). Moreover, thigh or breast meat pH and color indices (lightness, redness and
yellowness) were not changed by dietary lysine or betaine supplementation (P>0.05). None of the experimental
treatments affected the bone indices (ash, calcium and phosphorous) but the tibia diameter which was increased
by dietary lysine supplementation (P<0.05). It seems that dietary lysine and betaine consumption in broiler
chickens adjust the osmotic pressure in gastrointestinal cells and hence protect these cells under stress condition
such as the cold situation of current experiment and thus help for the higher L-carnitine synthesis in body. The
higher L-carnitine production results in lower carcass fat and greater protein synthesis and improved carcass
efficiency (higher breast and thigh meat production). Consequently, body oxygen requirements and right
ventricle to total ventricle ratio reduced and this causes the lower ascites mortality.

Conclusion The consumption of betaine and lysine improves the performance, carcass quantity (increased

1- PhD, Department of Animal Science, Faculty of Agriculture, Urmia University,

2- Associate Professor, Department of Animal Science, Faculty of Agriculture, Urmia University,

3- Professor, Department of Animal Science, Faculty of Agriculture, Urmia University,

4- Associate Professor, Department of Basic Science, Faculty of Veterinary Medicine, Urmia University.
(*-Corresponding Author Email: m.daneshyar@urmia.ac.ir)



1398 3l 3 oylects A1 sl 31 ol pole Glestimgls asyis 340

carcass, and thigh and breast weights) and quality (decreased abdominal fat weight), and ascites mortality of
broiler chickens. Moreover, no effects of lysine and betaine were detected on meat nutrient contents, pH and
color indices and bone parameters.

Key words: Ascites, Betaine, Bone, Lysine, Meat color.
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Table 1- Ingredients and chemical composition of the basal diets

(4253) 002 381 ol ) bl oddubre (glis dlge LS 5 ol ) bl
Ingredients (%) Starter Grower Finisher Calculated composition Starter Grower Finisher
&y ails keal kg pudptio 16 5, 2870 3000 3080

53.31 56.15 59.61 Metabolizable energy,
Corn 1

kcal kg

xS VAL g oS ol g 21.82 20.48 19.06
Soybean meal, 44% 39.26 35.72 31.90 c .
cp rude protein
Lo (£9) i B oY 1.20 1.05 0.93
Soybean oil 2.83 4.16 4.3 % s 1.00 0.86 0.82
Clind el (0 Calcium%
Dicalsium phosphate 2.00 1.8 1.68 % i B yad 0.47 0.43 0.40
Sal g Available phosphorus%

1.18 0.95 0.93
Calcium carbonate % wpes 0.16 0.16 0.16
Shes S Sodium%

0.36 0.29 0.30
Common salt 0 anols 0.91 0.85 0.79
KRN A | Digestible lysine
L-Lysine HCI, 78% 0.18 0.08 0.04 i B oede 0.60 0.52 0.47
oo =l 2 Digestible methionine

0.30 0.24 0.20
DL-Methionine, 98% e S8 it gt 0.89 0.80 0.73
isi-J Digestible methionine +
et 0.08 0.03 0.01 cystine
L-Threonine, 99% wan b sy 0.79 0.70 0.63
2 . .. - - -

__ﬁatﬂ? S i 025 025 0.25 Digestible threonine

Vitamin premix
OloySr mrde

0.00 0.10 0.10
Sodium bicarbonate
S 100 100 100

Total

255 o 99200 : ol e JaSio 1 4,59k 215 1o s Bl gl o 43 (05 55 p5 555 215) ideo Slge bgbie sty (s0lgity s 1 3oy> 100 5 75 50 25 0 ppolie tylol (slo o bl pslate 4}
LIS 68 5,5 e 250000 g posibs o8 o 200 s S Lo 990 oo p 5 Lo 10000 <55 5 o 84700 a1 53550 4,5 Luo 50000 (St

by pSike 1800K 3 by 5,5 o 2000E (ypoliyy ey 3515 1800 D3 (yeokiyy el 1515 2000000 A (yualiyy Moll iy sy 9000000 ol (ipabisy JoSo 51 S5k 25 5
H2 ol 2,5 Lo 100 5 B12 by p )5 Lo 15 BI (yuslisg o5 Lo 1000 BB (yuslizg )5 o 3000 B5 cpuetig p )5 s 3000 B3 puolig 5 Lo 10000 B2 puatig )5 Lo 6600.B1

The experimental diets were made by adding mineral premix to the basal diet at 25, 50, 75, 100% of level recommended by manufacture (2.5 kg/ton).
Each 2.5 kg of vitamin premix includes 9,000,000 International Units (IU) of vitamin A, 2000000 IU of vitamin D3, 1800 IU of vitamin E, 2000 mgs

of vitamin Kj, 1800 mgs of vitamin B1, 6600 mg of vitamin B2, 10000 mgs of vitamin B3, 3000 mgs of vitamin B5, 3000 mgs of vitamin B6, 1000

mgs of vitamin B9, 15 mgs of vitamin B12 and 100 mgs of vitamin H2.

Each 25 kg of mineral supplement contains 99,200 mgs of manganese, 50,000 mgs iron, 84,700 mgs of zinc, 10,000 mgs Cu, 990 mgs of iodine,

250,000 mg choline chloride and 200 mgs of selenium.
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Spectroscopy
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Table 2- The pattern used for feather scoring (17).
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Blisters had developed on the shaft, near failure of feather to emerge from the follicle,
broken feathers and retarded feathering
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<25% coverage

Lesion and torn feathers
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Table 3- Effect of mineral premix supplementation on broiler performance in different growth periods’

2. .
(ne dga bglswo ey (slopr o

(9 fox2lp ) o 0s Lal38!
Body weight gain (g/bird/d)

. .2 Starter Grower Finisher Whole period
Dietary level of M. Pmix (0-10d)  (11-24d)  (25-420) (0-42 d)
0 11.70° 17.37° 21.17° 16.69°
25 17.55°% 56.51° 101.17° 63.77°
50 16.12%° 49 55° 99.08° 50.88%
75 14.47% 48.67° 94.08° 57.12%
100 15.58% 51.41° 99.09° 59.17°
SEM® 0.64 331 7.18 4.06
p- value 0.0001 0.0001 0.0001 0.0001

(sl o3 nlp 5) Sy b pae

Feed intake (g/bird/d)
0 19.31° 34.45° 67.24° 42.25°
25 25.51° 89.03% 185.9% 109.47°
50 24.27° 80.03% 181.0% 103.96°
75 21.61% 74.49% 176.9% 99.72%
100 24.37° 80.70° 177.1° 102.15°%
SEM 0.63 4.64 10.54 5.82
p- value 0.0001 0.0001 0.0001 0.0001
Shss b cups

Feed conversion ratio
0 1.67 28 3.08° 2.52°
25 1.45 157 1.84° 1.711°
50 1.53 1.60° 1.83° 1.73°
75 1.52 1.52° 1.88° 1.74
100 1.54 157 1.83° 1.73°
SEM 0.03 0.04 0.01 0.075
p- value 0.144 0.0001 0.0001 0.0001

(P<O/05) 13l o talof] sloond cont yBsine oskis ,Siky oy gy cygio sy,
o5jle B S (103 0/25) (ool xbaws 3| hoyd (poliolys Jidmo dlga boglie st (slopes GJ&»Z

:Sbe 3 il glas®

!In each column, means with different subscript letters differ significantly (P< 0.05)
2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company

3Standard error of the mean
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Table 4- Effect of mineral premix supplementation on tibia bone morphometric of broiler chicks at 42 day of age*

) 09 5 O3 b Job > S FuSs
(ne 3‘5" “"91'7“’()‘\“4~ LS‘°)‘~‘? C9]a.w ) Relative 3 3 3
Dietary level of M.Pmix (%)? Weight weight Diameter Length Volurge Densr%y Aosh
©) (% of BW) (cm) (cm) (em (g/en’) (%)
0 428 0.531 0.42° 6.31° 3.87° 153 33.22
25 13.48° 0.503 0.79° 9.43 11.80° 121 34.93
50 12.70° 0.505 0.75° 9.52° 10.68° 118 36.70
75 12.88° 0.537 0.78 9.34° 11.09° 115 36.13
100 13.53° 0.544 0.84° 9.48° 11.31° 119 36.61
SEM 0.91 0.005 0.035 0.30 0.74 0.01 0.92
p- value 0.0001 0.45 0.0001 0.0001 0.0001 0.370 0.253

(POM0B) sl o il slaslost o s sims sl S0l e 18 Cog i 05,850
0855 5, (103 0/25) (eolgiias s 5l 2> yoluslyy gite Slgo boglis sy (slopes -skans
by sl o i )5
'In each column, means with different superscript letters differ significantly (P<0.05).

2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company
3External diameter of the tibia at the middle point

1 . . P L L .
(2ol sllod F (Sike) (2555 sloargr (23003 2 (s Slge bl sty JoSo 51=D g
Table 5- Effects of mineral premix supplementation on feather scoring in broiler chickens (mean + SE)*

2oy o> ol

Coverage score Defect score
7 s lge e sy Sloger g s . Ju P2
Dietary level of M.Pmix (%) Wing Tail Wing Tail
0 1.62°+0.08 1.25°+0.06 1.87%+0.02 1.87%+0.02
25 4.37°+0.08 3.87°+0.02 1.12°+0.02 1.12°+0.02
50 4.50°+0.08 4.25™+0.06 0.87°+0.02 0.87°+0.02
75 4.50°+0.08 4.62°+0.08 0.62+0.08 0.62°°+0.08
100 4.87°+0.02 4.75°+0.06 0.12°+0.02 0.12°+0.02
P-value 0.0001 0.0001 0.0001 0.0001

(P<OM0B) sl o b3 sl ot o 3 i sl Kol alin 1 oy o 050,850

053 5,5 (10> O/25) (eolaitiyy grans 51 2> (yoluslys (soe Slgo bglin sy (slopes rskans
'In each column, means with different superscript letters differ significantly (P<0.05).
2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company
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Figure 1- Coverage and damaged feathers of wing in differen
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T1) Control group (without mineral premix supplementation), T2) mineral premix at 25% of recommendation level, T3) mineral
premix at 50% of recommendation level, T4) mineral premix at 75% of recommendation level and T5) mineral premix at 100% of

recommendation level.

ilisee (glope (slajloas )3 p3 4l )3 by Swdiaul 5 (de e =2 JSKWS

Figure 2- Coverage and damaged feathers in‘

}1‘

T3
T1) Control group (without mineral premix supplementation), T2) mineral premix at 25% of recommendation level, T3) mineral
premix at 50% of recommendation level, T4) mineral premix at 75% of recommendation level and T5) mineral premix at 100% of
recommendation level.
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different treatments of tail*
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Table 6- Serum concentrations of mineral elements in different dietary treatments (mean + SE)*

2 -
oo

) Ni® cr p* ca* K* Na* zZn® Mn?

Treatment

0 9.1240.99  27.19+0.84  10.58+0.09 4°+0 2.33#0.33  36.33+0.76 15.50+0.85 2.23x0.24
25 8.98+0.17 27.9840.99  10.76%0.09  4.33%+0.33  3+0.001 40+1.52 10.98+0.56  2.43+0.14
50 8.09+0.97  28.60+0.90 10.94+0.001 5.33°+0.66 1.66+0.33 44+0.57 13.04+0.98  2.65+0.38
75 11.87+0.65 25.41+0.61  14.74%0.33  6.33°+0.33 2.66+0.33 37.66+0.66 13.16+0.94  3.06+0.31
100 10.48+0.63 28.89+0.13  11.1240.09  6.67°40.88 2.6630.33 33.33+0.72 13.23+0.77 2.51+0.03
p-value 0.2482 0.1895 0.3420 0.0201 0.080 0.3091 0.062 0.2881

P<OI0B) sl o (solef] slo o o sl 9l Sl i iy gy’
203 50 gaw 5 (Saxe dlge bglte i (sols slasi 20)d 50 (SIS (oolaity Luoy> 25 prhans ;3 e dlge bglie L (59l Hlowi 2oy 25 idxe dlge bgle (i 9) Jals las 1oy e
SIS oolgitin 1oyd 100 w55 Stme dlge bglses iy (59l sl 100y 100 5 SIbIS olpintiny oyd 75 s )3 e dlge bglses iy (sl jlass 1huoyd 75 SglblS” (ooloiiin

In each column, means with different superscript letters differ significantly (P<0.05).
%0 %) Control group (without mineral premix supplementation), 25 %) mineral premix at 25% of recommendation level, 50 %) mineral premix at
50% of recommendation level, 75 %) mineral premix at 75% of recommendation level and 100 %) mineral premix at 100% of recommendation level.

®micrograms per gram
“milligram per kilogram

£ 2SS
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Table 7- Feather concentrations of mineral elements in different dietary treatments (mean + SE)

i i cr? p? ca’ K? Na’ Zn* Mn?
Treatment

0%  1078:183 32401043 1455:021 6.33:088  O°x057 162057 1261°:123  8.8:0.33
25% 11256219 30.19:1.30 1650:0.84 13:057 1267°:088 23+050 131123  9.04+1.82
50%  10.45:0.30 5093+1.28 14.46+094 933+0.33 1333°:035 19.14:0.33 14324157  9.06+0.22
75% 873056 30.76:1.39 1502:0.91 10:0.81 14.66°:033 19.33:0.18 1503%+158 10.61+0.45
100% 12874015 40.75:023 14.38:057 13+053  15%40.80  10.33:0.86 188%150  12.456+0.48
pvalue 08778 02953 04265 02962 0.0198 0.3169 0.0462 0.0893

P<O/05) sl o (solef] slo o o sl st 9l Sl it iy gy’

203 50 aw 5 Saxe dlge bglte i (5ol slasi 20)d 50 (SIS (ooloity Luoy> 25 prhans ;3 e dlge bglie L (59l Hlowi 2oy 25 idxe dlge bglie (i 9) Jals las 1oy )IMZ
SIS oolgitin 1oyd 100 w55 Stme dlge bglsee i (59l sl 100y 100 5 SIbIS olpintiny oyd 75 s )3 e dlge bglses iy (sl jlass 1huoyd 75 SglblS” (ooloiiin

£ 2 pS9Ses
P9 )3 e, LSL:"A

In each column, means with different superscript letters differ significantly (P<0.05).
%0 %) Control group (without mineral premix supplementation), 25 %) mineral premix at 25% of recommendation level, 50 %) mineral premix at
50% of recommendation level, 75 %) mineral premix at 75% of recommendation level and 100 %) mineral premix at 100% of recommendation level.

*micrograms per gram
“milligram per kilogram
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Effects of Mineral Premix on Performance, Feathering Score, Tibia
Characteristics and Minerals Accumulation in Serum and Feather in Broiler
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Introduction In commercial production, there is often concern about the quantity and/or quality of feathering
in both broilers and layers. For broilers, the concern is adequacy of protective feather cover, while in layers
usually the necessary degree of feathering needed to optimize feed efficiency. Feather development is under the
control of hormones such as thyroxine and estrogen and indirectly by testosterone. Therefore, environmental or
nutritional status affecting the hormonal output of the birds will indirectly influence their feathering. Nutrition
influences rate of feathering as well as feather structure, color and molting. In spite of the fact that minerals
constitute a little proportion of body weight (2 to 5%) in vertebrates, their significance is high for growth,
enzyme activation, immune system, regulation of the osmotic pressure, egg production and feathering. Urine and
blood serum or plasma are the most commonly used bio fluids for metabolomics-based studies for the simple
reasons that they both contain hundreds to thousands of detectable metabolites. In blood, the minerals undergo
homeostatic controls, thus the ranges of concentrations are narrow, but the concentration of minerals in hair and
feather is broad and can reflect long term metabolic changes. Blood tests can vary significantly depending upon
animal’s diet, activity level, the time of day and many other factors. Contrary to the blood, the concentration of
minerals in hair and feather is broad and can reflect long term metabolic changes. Hair or feather can be
considered as a metabolically inactive tissue, and its composition indicates the levels of trace elements that store
in its structure through nutritive blood flow. Feather chemistry has been investigated as a means of identifying
the geographic origins of migrating and wintering populations of birds, and as an indicator of environmental
pollution. Since the minerals are crucial to the functioning of enzymes, hormones and other biochemical
systems, it is possible to read the hair or feather test and see where metabolic patterns are deviating from the
norm. The present study was amid to examine the potential applicability of serum or feather samples as a
biological indicator to evaluate the broiler responses to (un)sufficient diets with regards to the trace mineral
supplementation at 0, 25, 50, 75 and 100% of the recommended requirements.

Material and Methods A total of 200 one-day-old Ross 308 strain of broiler chicks (male and female) were
used in a completely randomized design with 4 replicates of 10 chicks each. A large batch of corn and soybean
meal basal diet was prepared for each age period (0-14, 14-35 and 35-42 days) and aliquots used for mixing the
experimental diets. The experimental diets were prepared by mixing mineral premix at 100, 70, 50, 25, and 0%
of normal inclusion rates, resulting in five experimental diets. At the end of the experiment, two male chicks
close to average weight of each experimental unit were selected for bone quality assessment and feathering
scores for wing and tail using scores of 1 to 5 for feather coverage with 1 representing minimal coverage, i.e.
<25% coverage; 2 for 25-50% coverage; 3 for 50-75% coverage; 4 for >75% coverage and 5 for complete
coverage. The wing and tail were further evaluated on a scale of 0 to 2 for the occurrence and severity of poor
feathering with 0 indicating no defect; 1 for lesion and torn feathers, and 2 indicating blisters had developed on
the shaft, near failure of feather to emerge from the follicle, broken feathers and retarded feathering. Tibia bone
morphometric parameters, i.e. weight, diameter, length, density, volume and ash, were determined. The serum
mineral concentration was measured in the fasting state at the end of the experiment. At this time, a total of 3mL
of the blood samples was accumulated in plain vacutainer tubes from the veins under the wing. After collecting,
the blood samples were left undisturbed for at least 1 hour to reach the room temperature. The serums were
centrifuging at 3,000 rpm for 15 minutes. The obtained sera were kept in 1.5mL micro tubes at -80°C until they
were analyzed for mineral concentration. The method of American Society for Testing and Materials, D4638-03
standard, was used for preparing the serum and feather samples.

1- Graduated Student in Msc, Department of Animal Science, College of Agricultural Science, University of Guilan,
Rasht, Iran. P.O.Box: 58643-41889.

2- Associate Professor, Department of Animal Science, College of Agricultural Science, University of Guilan, Rasht,
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Results and Discussion The results showed that treatments supplemented with mineral premix caused
increase in average daily gain and feed intake compared to the control group (P<0.05), but the difference among
mineral premix-supplemented groups was not significant (P>0.05). Feed conversion ratio in the starter period
was not affected by the experimental treatments; nevertheless, in the growing and finishing periods a significant
difference was indicated compared to the control. Bone parameters including weight, diameter, length and
volume showed significant differences to the control group; but the difference for density and ash were not
significant. The results showed that the effect of trace mineral supplementation was significant for feather
coverage and defect feather in both wing and tail regions (P<0.05). Feathering score was increased and the
amount of damaged feathers was reduced in concordance with the increase in mineral supplementation. Serum
concentration of Ca increased in response to trace mineral supplementation. The diagnostic usefulness of feather
analysis is confirmed by authors who have proven the correlation between the concentration of basic elements in
feather and their concentrations in the body both in the physiological and pathological states. With regard to the
use of feather as a nondestructive monitoring tool, it is noticeable that it presented inter-tissue correlation with
the serum in most occasions.

Conclusion Feather could be considered as an appropriate criterion to diagnose the mineral status in the
body.

Key words: Broiler, Feathering, Feathering Score, Trace minerals
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Table 1- The amounts of amino acids in the tested ingredients (%; As is basis)

pais G Lges alloiS’ o)
Wheat Corn Gluten meal Soybean meal Corn

Owge 0.186 1.393 0.641 0.177

Methionine

S 0.260 0.975 0.680 0.189

Cystine

O FOgigele 0.446 2.363 1.320 0.368

Methionine + Cystine

u)rj 0.351 0.928 2.872 0.244

Lysine

OoPS 0.336 1911 1.862 0.299

Threonine

gio 5 0.140 0.323 0.636 0.063

Tryptophan

O-‘J"j 0.501 2.630 2.292 0.395

Valine

O95{' ) 0.581 1.812 3.375 0.402

Arginine

Coglysa] 0.395 2.298 2.212 0.282

Isoleucine

0"“’9]_ 0.776 9.255 3.655 0.987

Leucine

Ot 0.278 1.165 1.244 0.243

Histidine

oYl s 0515 3.505 2.451 0.405

Phenylalanine
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Table 2- Composition of experimental diets

) oS oo o BB O il s o Ly s e

Ingredient (%) N-free diet Corn gluten meal Corn grain Soybean meal Wheat grain
oielejl 290 Slygi osle ; 30.95 800 400 88.0
Test ingredient
@3 sl 66.26 64.14 16.33 55.38 7.30
Corn starch
3L 24.30 - - - -
Sucrose
e 5.00 - - - -
Solk-floc
A el 52 1.50 0.84 - 127 1.39
Dicalcium Phosphate
i 1.36 0.50 0.36 - -
K2C03
b ; 0.50 0.50 ; ;
NaHCO;
Eoiand 0.50 0.50 0.50 0.50 0.50
TIOZ
sy oo 0.25 0.25 0.25 0.25 0.25
Vitamin premix
iine Slga oo 0.25 0.25 0.25 0.25 0.25
Mineral premix
b Sl 0.38 0.36 0.20 0.35 0.31
NaCl
taad 0.10 0.10 0.10 1.00 1.00
MgO
S o 0.10 0.10 0.10 1.00 1.00
Choline chloride
el LS . 151 141 . .
CaCO3

(c.A..Z A.....:L’xn) o> uL.:f).»
Calculated composition

(keallkg) pulyie L5 53 3410 3590 3400 3620 2830
AME (kcal/kg)
() p s ; 180 6.34 19.50 12.32
Crude protein (%)
() o 0.80 1.00 1.00 1.00 1.00
Ca (%)
ke 0.15 0.16 0.23 0.15 0.16
Na (g/kg)
by 0.60 0.40 0.40 0.80 0.40
K(g/kg)
s

0.23 0.23 0.15 0.23 0.23
Cl (g/kg)
(oYl 1 helor £, ThS) o (sl ok 210.0 311.9 1186 206.1 242.1
DEB® (mEq/kg)
P b 4.95 2.40 176 2.80 2.64

Crude fiber (g/kg)
(/) Mol el slocdingsS

A - 2.34 7.55 12.30 10.60
0
NSP* (%)

5 e B0 Tt 5 o 100 s 10,5 oo Lt 205 oo 012 gk 5 o 100 52550 23,5 o (el |y 5 5o Slgm 0 31 S5 13 13 hses g JaSa”
el e 5Ty 121 E el f ol (s 55 2300« pids” alsS § ol 1515 12000 A cpnling 535 oo ol |y 5 (siin Sgm e 31 pySskS 2 5o by JuSo
BA0 ol oS p 5 oo b S s 5 oo 0108 g 105 oo 1 oS5 sl 0,5 o B Mo .5 oo 4 ol (.5 koo 0102 B2 (yatiyg o5 oo 2 Kippliyg
25 e U125 555 (S 5105 oo

Mineral premix provided per kilogram of diet: Mn, 100 mg; Se, 0.2 mg; I, 1.0 mg; Cu, 100 mg; Fe, 50 mg.
2\/itamin premix provided per kilogram of diet: vitamin A, 11,000 1U; cholecalciferol, 2,300 IU; vitamin E, 121 IU; vitamin K3, 2.0 mg; vitamin By,
0.02 mg; thiamin, 4.0 mg; riboflavin, 4.0 mg; folic acid, 1.0 mg; biotin, 0.03 mg; pyridoxine, 4.0 mg; choline chloride, 840 mg; ethoxyquin, 0.125

mg.
°DEB: Dietary electrolyte balance
“NSP: Non starch polysaccharides
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Table 3- Endogenous loss of some amino acids in growing quail chicks from 14 to 21 d of age (mg/kg DM diet)

el Lol Sile PN RCIFR

Amino acid Mean SD
Ofgste 2.6 5.99
Methionine
W‘J 306 28.0
Lysine
oS 241 525
Threonine
o3l 104 423
Arginine
o I? 355 53.0
Valine
Crols] 497 777
Isoleucine
wﬂ_ 49.6 7.29
Leucine
O 80.1 7.99
Histidine

SD: Standard deviation
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(P<0/001) sy ;Lis ()b gize LialS

ol e g (Shss oole go oS midly ol Cliiss
e p3U 5 pnlh mian bl culps p Ll 5 39250 bl
2 $9) (B e g 4 bgye ly p3 Sl cpl )l
ObSer 5 Gluly ol potl] Sl g dial (lasoul ggezee ke
el glarel (Ll pan clbl le (slawylie adlls (20)
0l plosl Jb slacz sl 5 Jb oy o 1) oM (B
@55 3 oelly comdonl (il g oisie atsel sl
oluis (20) OhlSen 5 luwly 5 y ol adllas o Slus M
o addllas )3 pwglo ) oy ) diel (slaswl a5’ Jls 3 6sly
i Lol 208 sy AID i 5 i oliions
Lol pil>

Jolss 31 (S 033y o & Widg0 glgie (1) San g (5591
Ol phew )0 AN A] ale wly 4y AID Colps @olds j> e
ol w89y ddlllas ol o el agol glad! &lj9
AL By 5l i Gles slaosip ,d (6305059, ainel (slasl
cslaosiy 53 ()15 ol yidin dnwgi ¢ Joime LY 5l (S 092
b )lsS olSawd y (631500950 dinel (slasuusl Gl 5L 5 039 &L
756 a8 sl sl g oo calplis 9 se plosl (6 st (Lo
o1 3,0y et ol polie  alal (slatsl (3lj09)0 Ly
Al )byed g 5YL Cuenl §l Sl BN, )

5098 dusel (sLasacsl (oo g3l (5 Al puda Calils
opimd Omgmie diimel cladwl (gpals aan cubls yolie
Ol an i 9 Oesg) cOmoglyial codly oSl (08B
J9I76 70138 92/40 s ar )3 5> (6y9p0 el (il
iy A pAiS ) fasys 94/30 93/58 (75/55 84/75 88/99
81/24 4 77/96 79/45 88/33 86/70 82/63 B6/47 90/80
91/14 80/09 81/96 94/73 5 4 Lgw dlluS )3 fauoyd
bl ol el cunsay 2oy 95 /19 B0/47 85/13 81/54
76/82 67184 86/04 5y ams &)> 5gdS adbouS > aial
Josa) sel cansay ao > 67/53 4 76/15 91/18 83/73 89/51

(4

3y90 Shes osle 4 3 el ol 1 S e plis
2 i) 5l man Sl lie 58 29 s ixe Giale]
PS5 ol ol st 9 A5 salie 0 iglS oS g )
92 bgw dlloxis’

Cobls 5,58 (ol i yobay o5yl (g palls padn culls
oS b )lime sl Jg 51 g S 3 ol 5yl i
9 ) cpwgle il (gyall s clbld bl L @) el
9 by adlous ) o1 Jlade 51 (P<O/00L) () sixe yoboss puiS
2 Oyl s CobB o i g yieS )5 (5lS dlluS
yobass g adlouS )3 o Jlicde g s oad )3 y5glS Allous
Splb pan cC LB gy eSS @yd pelS AlouS 5l gyl xe
Slgo plu ;> ol Hlucde g s )3 )3 1) jlube o b g



1398 30 3 oylects A1 alor 3l ol pole glesdido}s 4 pii 308

(2203) (5395 2L 514 ) (l5 oyl 53 05 (s puSo3lil (Shgs lgo 51 (32 5 dinal lotesl cagibl (6,8l puiam Cbls olia =4 Jgan
Table 4- Amounts of apparent ileal digestibility of essential amino acids of some feed ingredients measured with
Japanese quail (from 14 to 21 days of age) (percent).

ol ool & puis Lgew oS’ S el Al

Amino acid Corn grain Wheat grain Soybean meal Corn gluten meal
Methionine 92.40 90.80 94.73 86.04
o
Lysine 70.38 86.47 81.96 67.84
Oe$
Threonine 79.76 82.63 80.09 76.82
53
Arginine 88.99 86.70 91.14 89.51
olls
Valine 84.75 88.33 81.54 83.73
Orloi]
Isoleucine 75.55 79.45 85.13 91.18
Og)
Leucine 93.58 77.96 80.47 76.15
Histidine 94.30 81.24 95.19 67.53
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Table 5- Amounts of standardized ileal digestibility of essential amino acids of some feed ingredients measured with
Japanese quail (from 14 to 21 days of age) (percent).
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Amino acid Corn grain Wheat grain Soybean meal Corn gluten meal
Methionine 94.48 92.54 95.27 86.27
o
Lysine 83.96 95.48 83.08 71.23
OP$
Threonine 88.33 89.81 81.47 78.03
)]
Arginine 89.80 88.48 91.45 90.11
Oreloi]
Isoleucine 92.15 90.11 87.82 93.23
Oy
Leucine 94.00 84.17 81.92 76.21
Histidine 97.53 84.15 85.87 74.38
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Table 6- Comparison of apparent (AID) and standardized (SID) ileal digestibility of amino acids for each feed
ingredient in growing quail chicks from 14 to 21 d of age (%)
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Amino acid Corn grain Wheat grain Soybean meal Corn gluten meal
AID SID AID SID AID SID AID SID
gt 92.40 94.48 90.80 92.54 94.73 95.27 86.04 86.27
Methionine
o 70.38" 83.96% 86.47° 95.48 81.96 83.08 67.84 7123
Lysine
e 79.76° 88.33° 82.63 89.80 80.09 81.47 76.82 78.03
Threonine
)] 88.99 89.80 86.70 88.48 91.14 91.45 89.51 90.11
Arginine
‘}"M’J”f‘l 75.55" 92.15% 79.45° 90.11° 85.13 87.82 91.18 93.23
Isoleucine
Oy 93.58 94.0 77.96 84.17 80.47 81.92 76.15 76.21
Leucine
ot 94.30 97.53 81.24 84.15 95.19 85.87 67.53 74.38
Histidine
;S’L” 86.03 90.63 85.33° 89.04% 88.14 88.94 81.31 82.78
ean
SEM? 0.446 0.446 0.615 0.615 0.356 0.356 0.910 0.910
P-value 0.001 0.001 0.001 0.001 0.730 0.730 0.946 0.946

(P<0/05) sy o s gl oxins s alio b gy Shgs o (i civd) 2,5

! Means without common superscript within a row for each ingredient are significantly different (p<0.05).

2SEM: Standard Error of Means

9 ¢ blio j0 .0l Bl ped 518U Slg o ) 55l dlous
S reS i (B)lsS olKhed 0 39)9 9 (B oS e b paiS
Al g L 4l &) s 03g) Sl atal (gl )
by Libled )d yislS
b colps lde p it gl (nl @S @ 5 L
LS )5 05l 9 i) gt (ki 035 3kl e

gl ol 4 (18) uly 9 ohagl 9 (2) oylSen 5 oS0

5 YL g L glaSlyss 5 (> 5 5,0l calyo ole
OeSan 8Ly (e 4r 2 4y sbdy dga o)Ll jaS (g
oy ) o5 (g Oliee b slaShgs ) el slaseud
Pobien Gl 3l Club s (o o bl 1S 215
5 Ly alloniS 5 SID 5 AID (ylys o iglis pis el



0L )3 (52905 dinol (sloukmnl o 3 lilins] ogilsl 5 (530 s Coplill (s

sl osil onis 3 lulisl g (g alls pan ol oS db lis oy eSSy %03 Gy bl aal Cundas )3 Wb D gy g bgw
WS g bgw 4l (pasS )b slacSTygs )3 69y el lawl gl oa b 5 jlsli il egihl puin cubld Colyps Hlids
S Az & Cund A3y JI 3 (Bl il 3 O3 (58 Cddy PS5 03 ()5 (iglS ALRS )3 o 4y ysSo il
ol glate OBy 0 sldisS L iagh (ol ol dulde (e ol

&l

1. Adedokun, S. A., K. M. Ajuwon, L. F. Romero, and O. Adeola. 2012. Ileal endogenous amino acid loss: Response
of broiler chickens to fiber and mild coccidial vaccine challenge. Poultry Science, 91: 899-907.

2. Adedokun, S., C. Parsons, M. Lilburn, O. Adeola, and T. Applegate. 2007a. Endogenous amino acid flow in
broiler chicks is affected by the age of birds and method of estimation. Poultry Science, 86: 2590-2597.

3. Adedokun, S., C. Parsons, M. Lilburn, O. Adeola, and T. Applegate. 2007b. Standardized ileal amino acid
digestibility of meat and bone meal from different sources in broiler chicks and turkey poults with a nitrogen-free

or casein diet. Poultry Science, 86: 2598-2607.
4. Adedokun, S., O. Adeola, C. Parsons, M. Lilburn, and T. Applegate. 2011. Factors affecting endogenous amino
acid flow in chickens and the need for consistency in methodology. Poultry Science, 90: 1737-1748.

5. Allen, A 1989. Gastrointestinal mucus. Handbook of Physiology - The Gastrointestinal System Ill. USA,
Bethesda. Pages 359-382.

6. Angkanaporn, K., V. Ravindran, and W. Bryden. 1996. Additivity of apparent and true ileal amino acid
digestibilities in soybean meal, sunflower meal, and meat and bone meal for broilers. Poultry Science, 75: 1098-
1103.

7. AOAC International. 2006. Official Methods of Analysis of AOAC International. 18" ed. AOAC Int.,
Gaithersburg, MD.

8. Ashoori, M., G. Jalilvand, M. Mehri, G. Zaboli, and M. Ghazaghi. 2013. Estimation of digestible lysine
requirements of japanese quail during the starter period. Iranian Journal of Animal Science Research, 5 (2): 105-
111. (In persian).

9. Batterham, E. S. 1992. Availability and utilizationof amino acids for growing pigs. Nutrition Research Reviews, 5:
1-18.

10. Fernandez-Figares, I., C. Prieto, R. Nieto, and J. Aguilera. 1997. Free amino acid concentrations in plasma, muscle
and liver as indirect measures of protein adequacy in growing chickens. Animal Science, 64: 529-539.

11. Fuller, M., and A. Cadenhead. 1991. Effect of the amount and composition of the diet on galactosamine flow from
the small intestine. EAAP Publication (Netherlands).

12. Lemme, A., Ravindran, V., Bryden, W., 2004a. lleal digestibility of amino acids in feed ingredients for broilers.
World's Poultry Science Journal 60: 423-438.

13. Mosenthin, R., W. Sauer, R. Blank, J. Huisman, and M. Fan. 2000. The concept of digestible amino acids in diet
formulation for pigs. Livestock Production Science, 64: 265-280.

14. NRC, 1994. Nutrient Requirements for Poultry. 9" rev. ed. National Academy Press, Washington, DC.

15. Parsons, C. 1991. Amino acids digestibilities for poultry: feedstuff evaluation and requeriments. Biokyowa
Technical Review-1 Nutri-Quest. Inc. Chesterfield, MO.

16. Parsons, C., J. McNab, and K. Boorman. 2002. Digestibility and biocavailability of protein and amino acids. Poultry
feedstuffs: supply, composition and nutritive value. Pages 115-135.

17. Perttild, S., J. Valaja, K. Partanen, T. Jalava, and E. Venalainen. 2002. Apparent ileal digestibility of amino acids
in protein feedstuffs and diet formulation based on total vs digestible lysine for poultry. Animal Feed Science and
Technology, 98: 203-218.

18. Ravindran, V., and W. L. Bryden. 1999. Amino acid availability in poultry- in vitro and in vivo measurements.
Crop and Pasture Science, 50: 889-908.

19. Summers, D., and A. Robblee. 1985. Comparison of apparent amino acid digestibilities in anesthetized versus
sacrificed chickens using diets containing soybean meal and canola meal. Poultry Science, 64: 536-541.



1398 5213 3 osleud Ll lpl (ool pgle slosbangy 42,5 362

20. Vasan, P., N. Dutta, A. B. Mandal, K. Sharma, and M. M. Kadam. 2008. Comparative digestibility of amino acids
of maize, sorghum, finger millet and pearl millet in cockerels and Japanese quails. British Poultry Science, 49:176-
180.

21. Yang, Y. X,, Z. L. Dai, and W. Y. Zhu. 2014. Important impacts of intestinal bacteria on utilization of dietary
amino acids in pigs. Amino Acids, 46: 2489-2501.



Iranian Journal of Animal Science Research Ol sold pole labdgly 4 i
Vol. 11, No. 3, Fall 2019, p. 353-364 Apbn 353-364 .o 1398 5ub 3 )bt A1 al>

Determination of Apparent and Standardized lleal Digestibility of Essential
Amino Acids of Corn, Wheat, Soybean Meal and Corn Gluten Meal in Japanese
Quails During Third Week of Age

Mahmoud Ghazaghi!, Ahmad Hassanabadi'", Mehran Mehri?
Received: 12-05-2019
Accepted: 13-07-2019

Introduction:

Excess excretion of nitrogen (N) caused by inaccurate animal feeding might increase the environmental
concerns in terms of soil and water pollutions. Nitrogen is one of the most expensive elements in animal
nutrition and either under-feeding or over-feeding of this element may be associated with financial losses
through the suppressed performance or expensive diets. Determination of nutrient availability could warrant
accurate feed formulation to meet animal requirements. Nutrients digestibility determination in poultry is usually
carried out by collecting excreta (feces + urine) from the bird or collecting digesta from the ileum. Standardized
ileum digestibility is also possible by measuring the endogenous loss of amino acids. endogenous loss of amino

acids is affected by the type of protein source, the protein level of the diet, the amount of dietary fiber, the
presence of anti-nutritional agents, the method of slaughter, the type of marker used, the age of the bird, the
species, diet and body size. Among these factors, the level of amino acids in the diet is a major factor. Therefore,
this study was conducted to determine essential amino acids digestibility of corn, wheat, soybean meal and corn
gluten meal in Japanese quails during third week of age.

Materials and Methods:

A total of 600 of 14-days-old Japanese quails were assigned in a completely randomized design to five
treatments, four replications and 30 birds in each floor pen. The dietary treatments included nitrogen free diet,
corn, wheat, soybean meal and corn gluten meal which were prepared in such a way that the test ingredient was
the sole source of the protein and amino acids in each diet. The standardized ileal amino acid digestibility
(SIAAD) values in aforementioned feeds were determined using direct method, and an N-free diet (NFD) was
used to measure the basal endogenous amino acids losses (EAAL) from 14 to 21 d of age. Titanium dioxide was
added to all diets as indigestible marker of 5 g / kg. At the end of the experiment, all the birds of each pen were
killed by an intracardiac injection of 0.5 mL sodium pentobarbital. Ileal digesta were collected by gentle
manipulation and pooled on a replicate basis and were immediately frozen. The ileum was considered as part of
the small intestine starting from the Meckel’s diverticulum and up to 15 mm before the ileocaecal junction.
Titanium was determined colorimetrically and amino acid profiles were determined for corn, soybean meal, corn
gluten meal and wheat using acidic hydrolysis and chromatographically. The house temperature was set at 35, 29
and 26 ° C in the first, second and third weeks of age, respectively and the relative humidity of the house was 55-
60%. The birds freely accessed water and experimental diets, and 23 h light and one h darkness was considered
throughout the experiment. Data were analyzed by one-way ANOVA in Graphpad software and Tukey’s test
was used to compare the means.

Results and Discussion:

The EAAL values of methionine, lysine, threonine, arginine, valine, isoleucine, leucine, and histidine were
determined to be 32.6, 306, 241, 104, 355, 497, 49.6, and 80.1 mg/kg DMI, respectively. The apparent
digestibility values of amino acids methionine, lysine, threonine, arginine, valine, isoleucine, leucine, and
histidine as a number of essential amino acids in corn were 92.97, 70.38, 79.76, 88.98, 84.75%; in wheat were
90.80, 86.47, 82.63, 86.70, 88.33, 45.79, 96.77, 81.24%; in soybean meal were 94.73, 86.96, 80.09, 14.91, 81.54,
13.85, 80.47, 95.19% and in corn gluten meal were 04.86, 84.67, 82.76, 51.89, 73.83, 18.91, 76.15, 53.67%,
respectively. The SIAAD of methionine, lysine, threonine, arginine, valine, isoleucine, leucine, and histidine for
corn, wheat, soybean meal, and corn gluten meal were 94.48, 83.96, 88.33, 89.80, 93.85, 92.15, 94.06, 97.53%;
92.54, 95.48, 89.81, 88.48, 94.72, 90.11, 84.17, 84.15%; 95.27, 83.08, 81.48, 91.45, 83.11, 87.82, 81.93,
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95.87%; 86.27, 71.23, 87.03, 90.12, 85.11, 93.23, 76.21, and 74.38%, respectively. Research has shown that the
type of ingredients and concentration of diet amino acids have a significant effect on the digestibility
coefficients. This difference is in fact due to the changes in the endogenous share of amino acids in the total
amount of ileal amino acids.

Conclusion:

Generally, the highest SIAAD coefficients of methionine, lysine, and arginine were obtained in SBM and
threonine was obtained in corn. On the other hand, the lowest SIAAD coefficients of these amino acids were
observed in corn gluten meal, corn and wheat, respectively. Also, comparing the results of this study with
findings from other species showed that the apparent and standardized ileal digestibility of essential amino acids
in corn, wheat, soybean meal and corn gluten meal is different in Japanese quail than in broiler chickens.

Key words: Amino acid, Apparent digestibility, Japanese quail, Standardized digestibility.
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Ollab uan sl i Sl 5T s PCR &Y guamo (g0l da,S3lel Jlgs = 1 Jga
Table 1 - Sequence of primers, the size of PCR products and restriction enzymes for fragments digestion

Sielfle 55 oSl ol S5 o w5l
locus Size of locus Primer Restriction enzyme
B-L 374 bp F: 5-CAGCGTTCTTCTTCTGCGGT-3’ Msp |

R: 5-TCACCTTGGGCTCCACTGCG-3 (33) oy g 45
B-F 1048 bp F: 5-GCAGAGCTCCATACCCTGCG-3 Msp |

R: 5-GGTGTGGTACGTGCCGTCGCC-3 (12) 154, Lo
B-G 401 bp F: 5-TGTCTCTTCTTCACCTCCACC-3' Msp |

R: 5-GCAGTTCTGTTCTCCCTTCAT-3 (32) oy Ko g 45

109 bp Lasd et

189 bp Ladder

1048 bp

— -y

A

100 bip Ladder

C

5b s 100 JsSlge 159 ;55055 b duoys 93 5,81 J5 g5y (C: B-G B: B-F A: B-L) aslllas 3,40 35 slaolols (sl PCR &Y gameo (gosnlin = 1 JSK0
Figure 1 - Observation of PCR products for studied loci (A: B-L, B: B-F and C: B-G) on %2 agarose gel with 100 bp molecular
weight marker

coy g s

5129 150 WL aw lasd B-L 55 (gaskad o3l pudn jl an
&5 stakd ol sl (BB) gy S it o 5 (il i 95
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b lolis ladiges oles gl GG 5 CG waig g9 90 ool
w5 G g b i 47 475 410 515 claxt Jols C JI
Onned Mg 63k can 47 9 75 213 302 410 sl gyl
NN g MN MM Cigj aw B-G 55 (sanhad oou 3l paa 5| ams
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9 20y 5z 581 U5 5 (9 slagSl s 5 sl (gornliio
Thermo <55 calu) (o i 50 Joslpe jp ik
A ealawwl (Scientific

Lodld (Suis Julod g g 300

» w}ﬂ mad ol adglud glaedly (i) }.,IUT sl
(34) 1/32 a5cui POPGENE 8l 5 5| sog §yo (slrcumon
o1 oanliie g5 iy 9 AT slalhd 05905 sl
Syily = @)la Jol g bawgie Gllasl 2)00
S5 syrehly ;500 5 gl CleMbl Jadls 5 conts (sl
A edléswl



369 olnl o e > (B )3l ol (SLeoS S42U i35 Jako 5 35

Al b5 5 ol Yhinl 163)8 Slolid i} g5 dw adllas 3,90
Sglite by slap T 5l oolitul Jus 4 Blg e odd saaliie
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Figure 2 - Observed genotypic patterns from enzymatic digestion of PCR products for studied loci on %4 agarose gel
with 50 bp molecular weight marker

adlllas 3,50 o2 (Slaf o Cumaz 53 BoL (55 ol (sl )il 3,90 5 00 canlite HuawsSjo i 5 ShamsSejasie (Soke sl o M slalsld = 2 Jo
Table 2 - Allelic and genotypic frequencies, mean heterozygosity and observed and expected heterozygosity for B-L locus in studied
indigenous chicken population

slp boguer IS
Breed Total populations
RN 9 o ol Ny Shile
Allele and Common W. Azarbaijan  Marandi  Mazandarani
Genotype
gl A 0 0 0 0 0
Allelic frequency B 1 1 1 1 1
3,90) 04 esmlie 5 Slgl AA - - - - -
(sl AB - - - - -
Genotypic frequency BB ) ) ) ) )
ob. (ex.)
95l S8 - - - - -
XZ
(R P PN I P 0(1) 0(1) 0(1) 0(1) 0(1)
ol odnlin
Hetero. (Homo.) observed frequency
(stomosSessan) ipsSjo i Slolyd 0(1) 0(1) 0(1) 0(1) 0(1)
il 590
Hetero. (Homo.) expected frequency
strsSaja i buogio 0 0 0 0 0
Mean heterozygosity
Opls cleMbl jasls 0 0 0 0 0
Shannon's Information index
o5 adld 0 0 0 0 0

Fixation index

5 (022) ogae (lodlp cog Glofro Cpnor 3 i 2G5 C ol Jll jhio (it BF 55 olSole
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JS N g M la T Slgls pSlae g0 (0/84) S5k
Ol it g 0/72 90/28 L olp sy a0 bicunes
5 0/47 0/05 55 4 NN g MN MM slacuig; sla Slgly3
Copmar sl 55 ol ol o 003 aulne X 5 31, 0/48
P55 Cgman 5 (P <0/05) 595 Jboisine (ke sl (g2 &0
L mls ool (4 Joda) cusly 18 Spily = (od)la Jols p> o
§ it s caia g3 5 (32) ol lSan 55 30 ol
9 0db plonl (395 ()l e SEye 5 (og soE e
s a0 Wl o (aigi 9 (I Slelyd y0 aldy il cisllas
sl Glises ol b canes ol obidlyis cglite slite
2 Ol gonims lis «Syuly - o)l Jols 5l GBll il
w5 @ ol e |y Sl )l Cumes S 3 T Sl
oS ool b glacuses jo oS (Snj il dles 5l olee |

b ad o &)

Slals Lacames J5 50 5 15 oanlio (0/98) ye ool 3
o 5 oLl cl 53 oad onlie (wsSijgen g (SawsSyjg i
ol 3 0 awloee X2 ki dulne 0o 15 925 plyy s
lits (P < 0/05) 595 Jbo ine lacumes (olos sy (55 ool
(3 Jgas) szsh S8 Spnly = oo,ln Jolss d lacumes (oles
b oS (12) oylSen 5 155y Lo Lawgi 005 ploxil 05 L s ol
Qg aB)S Sygo ol 058 by op £ $9) Dglite SIS
5955 9N 90 L Lo 380 ol (pimed ol cillae
Ol 555 ) s yub g plo fye Cumex g5 5 (21)
e g C;9l_{z:.o SlLaiSS el calho g as,5 fl};.}l
ol jo s NN (laass ) edlatwl 390 iglate (gl g
Do daled zls )0
AN gM ol Slghs hde op i B-G 55 ols 5
5 (0/44) oyt omlydl ool age sloye & bgrye o

adllls 390 o3 (sl ye Cmez )3 BF 35 olSole (sl il )50 g o otnlitio s o i g SwsSeig i (xSl ayis 9 M slalyl - 3 Jgse
Table 3 - Allelic and genotypic frequencies, mean heterozygosity and observed and expected heterozygosity for B-F locus in studied
indigenous chicken population

N g JS
Breed Total populations
555 9 JI o9 i el Shipe shuile
Allele and Common W. Azarbaijan Marandi Mazandarani
Genotype
T Slelys C 0.22 0.02 0.04 0.21 0.12
Allelic frequency G 0.78 0.98 0.96 0.79 0.88
o ssaliv uigii Slolys cC 0 (0.04) 0 (0) 0 (0) 0(0.04) 0(0.02)
(5] 3,50) CG 0.44(0.35) 0.04(0.04) 0.08 (0.08) 0.42 (0.34) 0.25(0.21)
Genotypic GG 0.56 (0.61)  0.96 (0.96) 0.92 (0.92) 0.58 (0.62) 0.75 (0.77)
frequency ob. (ex.)
95wl S 3.76™ 0.01™ 0.06™ 3.33™ 3.80™
XZ
(L5 590) (siamrsSajgyid Slglyd 0.44 (0.56)  0.04 (0.96) 0.08 (0.92) 0.42 (0.58) 0.25(0.75)
045 odnlie
Hetero. (Homo.) observed frequency
(L5 5908) (siansSajgyid Slglyd 0.35(0.65) 0.04 (0.96) 0.07 (0.93) 0.33(0.67) 0.22 (0.78)
it 3590
Hetero. (Homo.) expected frequency
S gy Lawgie 0.19 0.19 0.19 0.19 0.19
Mean heterozygosity
ool SleMbl asls 0.52 0.09 0.16 0.51 0.37
Shannon's Information index
il adli -0.28 -0.02 -0.04 -0.26 -0.13

Fixation index

Ns: Non significant (P < 0. 05)
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Table 4 - Allelic and genotypic frequencies, mean heterozygosity and observed and expected heterozygosity for B-G
locus in studied indigenous chicken population

N by JS
Breed Total
w5 s J 50 st obrl) 8y e populations
Allele and Common W. Azarbaijan Marandi ~ Mazandarani
Genotype
T Sl M 0.17 0.44 0.36 0.16 0.28
Allelic frequency N 0.83 0.56 0.64 0.84 0.72
o otaliie igif Slolyd MM 0.16 (0.03) 0.02 (0.19) 0(0.12) 0 (0.02) 0.05 (0.08)
(sl 3,50) MN 0.02 (0.28) 0.84 (0.50) 0.72 (0.47)  0.32(0.27) 0.47(0.41)
Genotypic NN 0.82 (0.69) 0.14 (0.31) 0.28 (0.41) 0.68 (0.71) 0.48 (0.51)
frequency ob. (ex.)
oSl 518 45.56* 24.12* 15.31* 1.68™ 5.74*
XZ
(L5 590) (sawnSajgrid Slglyd 0.02 (0.98) 0.84 (0.16) 0.72 (0.28)  0.32(0.68) 0.48 (0.52)
o4 odnlio
Hetero. (Homo.) observed frequency
(L5 590) (sawsSajorid Slglyd 0.29 (0.71) 0.50 (0.50) 0.47 (0.53) 0.28(0.72) 0.41 (0.59)
it 5,90
Hetero. (Homo.) expected frequency
s gy Lawgie 0.37 0.37 0.37 0.37 0.37
Mean heterozygosity
opls OleMbl jasls 0.45 0.68 0.65 0.43 0.59
Shannon's Information index
ORI 0.92 -0.70 -0.56 -0.19 -0.17
Fixation index
* Significant (P < 0.05)

Ns: Non significant (P < 0. 05)
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Alrie g OhlSer aen @0 ylSen I .C8)S plxl 4l

o2y )lRlew 9 St JLoS ool 5150
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5037 cs5 4y B-G 4 B-L Jj olSls 95 o el coleMb
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Introduction Chicken major histocompatibility complex (MHC) region are important in immune responses,
resistance to diseases, and relationships with evolution processes. The chicken major histocompatibility complex
is composed of two gene regions: the B and Y (Rfp-Y) loci, both located on micro chromosome 16. The B locus
includes three gene classes, | (B-F), 1l (B-L) and IV (B-G). The chicken major histocompatibility complex,
consists of several clusters of highly polymorphic genes, some of which are associated with disease resistance.
The class | and class Il antigens resemble their mammalian counterparts in the encoded protein structure. The
class IV region encodes the B blood group antigens, which are readily identified by serological blood-typing.
The class Il region appears to be divided in chickens, with some elements that are MHC-linked and others that
map elsewhere. In addition the Rfp-Y system, which bears a strong similarity to the MHC, maps to the opposite
side of the nucleolar organizer region on the same micro chromosome as the MHC. Each class of MHC genes is
a potential candidate for a role in disease resistance. The MHC genes show associations with response to
diseases as diverse as virally induced neoplasia, bacterial, parasitic and auto-immune diseases.

Materials and Methods In this study, allelic polymorphism in B-L, B-F and B-G loci involved in the
immune system in four Iranian indigenous chickens were examined using PCR-RFLP technique. Two hundred
birds including common, West Azerbaijan, Marandi, Mazandarani indigenous chicken breeds were selected. As
much as 1-2 ml of blood was taken from each of the chicken. Blood samples were transferred to the
anticoagulant (Ethylene diamine tetra acetic acid) tubes in the vicinity of the ice to the genetic and
biotechnological laboratory of Islamic Azad University, Maragheh branch and until the onset of genomic DNA
extraction and subsequent experiments were kept at -20°C. In the extraction of the genomic DNA of blood
samples, the salting out method and for amplify of each locus, a pair of specific primers was used. For detection
of mutation in the loci the Msp | enzyme was used. For genetic analysis of data derived from digestive enzymes
in indigenous chickens, POPGENE software version 1.32 was used. This software is used to estimate the allele
and genotypic frequencies, observed and expected heterozygosity, mean heterozygosity, Hardy-Weinberg
equilibrium, Fixation index, Shannon information index, and other genetic parameters.

Results and Discussion According to this study results, in the 374-bp locus of B-L, after enzymatic
digestion, only BB genotype and monomorphic was detected. In the 1048 bp locus of B-F, two genotypes CG
and GG were identified and the C allele included 515, 410, 75 and 47 bp bands, and the G allele also included
bands of 410, 302, 213, 75 and 47 bp and the %2 calculated in this locus was not significant for all populations (P
< 0.05), and all populations were in Hardy-Weinberg equilibrium. Three Genotype MM, MN and NN genotypes
were identified for the locus of B-G (401 bp), M allele included a 401 bp band and N allele included bands of
350 and 51 bp. The x2 calculated in this locus was not significant for the indigenous chicken population of
Mazandarani (P < 0.05) and this population was in Hardy-Weinberg equilibrium. The Shannon information
index was calculated to be 0.37 and 0.59 in markers loci of B-F and B-G, respectively, and the fixation index
values were -0.13 and -0.17, respectively. The highest observed heterozygosity index for B-L and B-G loci was
0.24 and 0.57, respectively. Estimation of the negative fixation index values in the studied chickens populations

1- Assistant Professor of Animal Science Department, Faculty of Agriculture, Maragheh branch, Islamic Azad
University, Maragheh, Iran.
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could be due to the high selection rate in the populations. The fixation index values is always variable in range -1
to 1, and its negativity indicates a decrease in heterozygosity and increase in homozygosity or increased
inbreeding, as well as a deviation from the Hardy-Weinberg equilibrium in the populations. Shannon's
information index is an estimate of genetic diversity in populations. In all of the populations studied, the B-G
locus has a relatively high genetic diversity.

Conclusion Regarding the polymorphism in the two gene sites (B-F and B-G) studied and the heterozygosity
reduction in the populations studied, can be prevented from occurrence of non-random crosses in populations
and prevented the reduction of heterozygosity and thus reduced genetic diversity. Also, by studying the immune
responses associated with these two gene sites, from these genes can be used as marker for genetic breeding in
indigenous chickens for increase of resistance to diseases.

Key words: Indigenous chicken, MHC, PCR-RFLP, Polymorphism.
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1-Reproducing Kernel Hilbert Spaces Regression
(RKHS)

2- Nadaraya-Watson Estimator (NWE)

3- Artificial Neural Networks (ANNS)

4- Random Forest (RF)
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Table 1- The values of heritability and QTL numbers in simulated genetic architectures

e GAL GA3 GA4
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Number of QTLs
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GA: Genetic Architecture
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Table 2- The prediction accuracy of Bayesian Regularized Neural Networks and benchmark methods on the simulated data

aalllas 3590 (sla b, Jol 55 olese P9 (Sl (8)lons P Suj (8)lone polee (S5 (5ylose
Study methods Al A2 A3 A4

NN=1 0.641 (0.0155) 0.638 (0.0240) 0.800 (0.0117) 0.810 (0.0111)
, s NN=2 0.641 (0.0224) 0.643 (0.0251) 0.784 (0.0168) 0.788 (0.0204)
S5 mas S NN=3 0.64 (0.0233) 0.647 (0.0243) 0.740 (0.0269) 0.744 (0.0169)
BRNN NN=4 0.644 (0.0208) 0.654 (0.0255) 0.761 (0.0206) 0.764 (0.0237)
NN=5 0.633 (0.0252) 0.653 (0.0241) 0.740 (0.0210) 0.736 (0.0228)
GBLUP 0.683 (0.0200) 0.684 (0.0213) 0.820 (0.0113) 0.830 (0.0103)
BayesRR  0.682 (0.0198) 0.683 (0.0211) 0.819 (0.0115) 0.830 (0.0102)
bl o is, Bayes A 0.694 (0.0199) 0.685 (0.0210) 0.859 (0.0096) 0.833 (0.0102)
PM Bayes B 0.717 (0.0205) 0.684 (0.0213) 0.903 (0.0090) 0.836 (0.0100)
Bayes C 0.688 (0.0190) 0.683 (0.0213) 0.888 (0.0106) 0.831 (0.0105)
Bayes L 0.687 (0.0201) 0.684 (0.0207) 0.834 (0.0102) 0.832 (0.0103)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer
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Table 4- The predictive ability of Bayesian Regularized Neural Networks and benchmark methods in genomic enabled prediction on
the mouse data

adlllas 3590 sla by, X (b (g 25 S 035 Sl oh Jib

Study methods WeW Growth Slope BMI Body Length
NN=1 0.474 (0.0171) 0.339 (0.0251) 0.154 (0.0154) 0.211 (0.0169)

, s NN=2 0.468 (0.0204) 0.356 (0.0252) 0.149 (0.0130) 0.201 (0.0228)
S s s NN=3 0.438 (0.0179) 0.358 (0.0212) 0.145 (0.0140) 0.207 (0.0228)
BRNN NN=4 0.464 (0.0184) 0.359 (0.0209) 0.144 (0.0134) 0.214 (0.0223)
NN=5 0.462 (0.0198) 0.355 (0.0204) 0.144 (0.0147) 0.206 (0.0228)

GBLUP 0.477 (0.0190) 0.368 (0.0224) 0.170 (0.0137) 0.222 (0.0167)

Bayes RR 0.477 (0.0191) 0.368 (0.0221) 0.170 (0.0141) 0.220 (0.0159)

esohly o bs, Bayes A 0.477 (0.0189) 0.369 (0.0222) 0.172 (0.0142) 0.221 (0.0165)
PM Bayes B 0.476 (0.0183) 0.370 (0.0219) 0.164 (0.0142) 0.222 (0.0163)
Bayes C 0.477 (0.0188) 0.368 (0.0220) 0.170 (0.0136) 0.220 (0.0163)
Bayes L 0.476 (0.0187) 0.368 (0.0216) 0.171 (0.0130) 0.218 (0.0175)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer
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Table 3- The mean squared error of prediction of Bayesian Regularized Neural Networks and benchmark methods on the simulated

adllas 3550 (sla b, Jl 55 olese P90 (S} (S)laze pow (Sui) (§)loxe Pl (S5 (6)loe
Study methods Al A2 A3 A4
0.243 (0.0175) 0.227 (0.0110) 0.288 (0.0180) 0.289 (0.0168)
. s 0.204 (0.0111) 0.188 (0.0112) 0.287 (0.0155) 0.290 (0.0240)
i s 4K 0.190 (0.0077) 0.178 (0.0073) 0.321 (0.0323) 0.316 (0.0213)
BRNN 0.183 (0.0078) 0.167 (0.0057) 0.295 (0.0235) 0.292 (0.0254)
0.185 (0.0091) 0.167 (0.0054) 0.319 (0.0262) 0.322 (0.0271)
0.195 (0.0072) 0.187 (0.0091) 0.437 (0.0615) 0.325 (0.0128)
0.195 (0.0069) 0.187 (0.0087) 0.437 (0.0623) 0.327 (0.0129)
exohly o ss, 0.187 (0.0084) 0.187 (0.0081) 0.543 (0.1214) 0.319 (0.0136)
PM 0.178 (0.0103) 0.187 (0.0093) 0.678 (0.2078) 0.313 (0.0141)
0.194 (0.0070) 0.188 (0.0092) 0.753 (0.2632) 0.319 (0.0119)
0.195 (0.0069) 0.188 (0.0074) 0.443 (0.0719) 0.324 (0.0128)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer

by sloosls )3 s (slosbyy 5 i (e $laeSed it sl Sluye Sl =5 Jga
Table 5- The mean squared error of prediction of Bayesian Regularized Neural Networks and benchmark methods in genomic
enabled prediction on the mouse data

adlllas 3590 sla by, X (b 05 A3y S 0395 Sl o b
Study methods WeW Growth Slope BMI Body Length
NN=1 0.004 (0.0001) 0.002 (0.0001) 0.003 (0.0001) 0.227 (0.0076)
. s NN=2 0.006 (0.0006) 0.002 (0.0000) 0.003 (0.0001) 0.215 (0.0077)
S s s NN=3 0.008 (0.0005) 0.002 (0.0000) 0.003 (0.0001) 0.214 (0.0077)
BRNN NN=4 0.007 (0.0003) 0.002 (0.0000) 0.003 (0.0001) 0.214 (0.0079)
NN=5 0.007 (0.0002) 0.002 (0.0000) 0.003 (0.0001) 0.213 (0.0078)
GBLUP 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.216 (0.0064)
Bayes RR 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.216 (0.0063)
esohly o bs, Bayes A 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.216 (0.0063)
PM Bayes B 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.215 (0.0063)
Bayes C 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.215 (0.0062)
Bayes L 0.005 (0.0001) 0.002 (0.0000) 0.003 (0.0001) 0.214 (0.0065)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer
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Table 6- The average computation time of Bayesian Regularized Neural Networks and benchmark methods on the simulated data
(per second)

adllas 3550 (sla b, Jol (S5 (g)lese P90 (S} (S)laze pow (Suj (5)lone Pl (S5 (5ylose
Study methods Al A2 A3 A4
NN=1 37.32 (1.22) 37.23 (1.33) 38.36 (1) 39.12 (0.44)

. s NN=2 280.57 (0.38) 278.25 (1.77) 278.17 (1.27) 280 (1.18)
S as S NN=3 892.75 (2.02) 885 (5.67) 881.55 (5.26) 888.37 (5.01)
BRNN NN=4 2040.4 (4.55) 2019.13 (16.58) 2004.24 (12.57) 2026.37 (9.78)

NN=5 3877.41 (5.87) 3802.36 (31.66) 3812.98 (24.57) 3834.07 (23.06)
GBLUP 302.61 (0.64) 301.93 (0.16) 302.03 (0.17) 302.29 (0.18)
Bayes RR 125.03 (0.41) 124.88 (0.06) 124.83 (0.04) 124.82 (0.03)
esohly o bs, Bayes A 136.16 (0.4) 135.93 (0.06) 135.81 (0.07) 135.76 (0.05)
PM Bayes B 138.07 (3.2) 145.82 (2.85) 118.17 (0.77) 151.43 (2.45)
Bayes C 142.78 (1.59) 143.14 (0.87) 104.04 (3.02) 143.77 (0.99)
Bayes L 141.17 (0.44) 140.98 (0.08) 140.92 (0.13) 140.97 (0.05)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer
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Table 7- The average computation time of Bayesian Regularized Neural Networks and benchmark methods on the mouse data (per

second)
dalllas 550 glo b, VL g by G S 035 yadll o Jsb

Study methods WeW Growth Slope BMI Body Length

40.50 (0.68) 36.44 (1.49) 39.15 (L07) 38.82 (0.58)

. s 282.07 (0.59) 273.45 (4.61) 281.31 (0.51) 275.88 (0.28)
S s s 897.82 (1.89) 891.15 (7.06) 893.89 (0.99) 876.06 (1.27)
BRNN 2047.66 (3.93) 2025.34 (5.28) 2036.63 (1.76) 1990.04 (2.47)
3888.58 (7.19) 3834.48 (6.93) 3859.87 (3.91) 3775.25 (5.6)

348.26 (0.65) 347.67 (0.2) 350.17 (0.14) 348.22 (1.04)

131 (0.22) 131.03 (0.1) 131.77 (0.06) 131.61 (0.53)

ol o is, 142.43 (0.1) 142.61 (0.08) 143.29 (0.06) 142.86 (0.43)
PM 160.43 (1.98) 151.67 (3.74) 148.53 (2.66) 150.69 (2.61)
155.01 (0.42) 146.47 (1.2) 141.79 (1.06) 145.44 (1.23)

147.75 (0.04) 147.95 (0.05) 148.72 (0.06) 148.38 (0.5)

BRNN: Bayesian Regularized Neural Networks
PM: Parametric Methods
NN: Number of neurons in hidden layer
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Introduction In genomic selection, genetic values of individuals are predicted using genetic markers that are
distributed all across the genome and are in linkage disequilibrium with quantitative trait locus. Different
methods have been introduced to predict genomic breeding values. These methods take into account different
assumptions. Non-parametric methods, including artificial neural networks, have fewer assumptions than
parametric methods, and can apply nonlinear relationships in genomic predictions so, in theory these approaches
are more robust against genetic architecture changes and are able to provide better predictions.

Materials and Methods In current study, the prediction ability of Bayesian neural networks with different
architectures (1 to 5 neurons in the hidden layer) and parametric methods (GBLUP, Bayes RR, Bayes A, Bayes
B, Bayes C Bayes L) in four simulated genetic architectures and four real traits of mouse (six weeks weight,
growth slope, body mass index and body length) were compared using the correlation coefficient between
predicted and expected values, mean square error of prediction and computation time. All simulated genetic
architectures were additive and the gene effects followed a normal distribution. The number of QTLs in the first
and third genetic architecture was 50 and it was 500 for second and fourth genetic architecture. The heritability
of the first and second genetic architectures was 0.3 and the heritability of the third and the fourth genetic
architectures was 0.7. The real data consisted of 1,296 mice which were genotyped with 9,265 SNP markers.

Results and Discussion The highest prediction accuracy of Bayesian neural networks were 0.640 (4 neuron
in the hidden layer), 0.664 (4 neuron in the hidden layer), 0.800 (1 neuron in the hidden layer) and 0.810 (1
neuron in the hidden layer), and the highest prediction accuracy of parametric methods were 0.711(Bayes B),
0.685 (Bayes A), 0.903(Bayes B) and 0.836 (Bayes B) respectively for one to four simulated genetic
architectures. These results showed the superiority of parametric methods to Bayesian neural networks in terms
of prediction accuracy in genetic architectures with additive effects. In additive genetic architectures, the allelic
effects of genetic variations are independent. In parametric models, these effects are assumed to be independent,
therefore in additive genetic architectures can be expected that parametric methods are able to provide better
predictions than nonparametric methods.

The maximum predictive abilities of Bayesian neural networks to predict six weeks weight, growth slope,
body mass index and body length were 0.474 (1 neuron in the hidden layer), 0.349 (4 neuron in the hidden
layer), 0.154 (1 neuron in the hidden layer) and 0.214 (4 neuron in the hidden layer). The predictive abilities of
parametric methods to predict these traits were similar and equal to 0.477, 0.336, 0.170, and 0.221 in average.
The results showed that the predictive abilities of Bayesian neural networks and parametric methods were similar
on real data as the difference between the best predictive ability of Bayesian neural networks and parametric
methods for Six weeks weight, growth slope and body length were less than 1%. The difference was slightly
higher for the body mass index and equal to 1.8%.

The mean squared error of prediction of Bayesian Neural Networks was slightly less than parametric
methods in the simulated genetic architectures. The results indicate a slight superiority of Bayesian neural
networks compared to parametric methods in terms of mean squared error of prediction as an indicator of overall
fit. The mean square prediction error is an appropriate criterion for evaluating the prediction performance of
different methods because it contains both accuracy and bias. Considering table (3) and table (5), it can be
concluded that the prediction of the Bayesian neural network are less accurate but more unbiased than the
parametric methods. This could be due to more applied penalty in parametric methods compared to Bayesian
neural networks, which can lead to an increase in the average mean squared error of prediction. In real data, the
mean squared error of prediction of the Bayesian neural networks and parametric methods were similar.

1,2,3- Ph.D., Professor and Assistant Professor of Animal Sciences Department, Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran.
(*- Corresponding Author Email: tahmoores@um.ac.ir)
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The computation time of Bayesian neural networks was increased with an increase in the number of neurons
in the hidden layer. The computation time of the parametric methods was the same with the exception of
GBLUP. The GBLUP method took more computation time. The computation time of neural the networks with 1
to 2 neurons in the hidden layer were less than GBLUP. Genomic prediction using Bayesian Neural Networks
with a greater number of neurons is really challenging, and improving their performance in terms of
computational cost is necessary before applying them in genomic selection.

Conclusion Although parametric methods had better predictive accuracy and predictive ability due to the
additive genetic architecture of the studied traits, it can be concluded that Bayesian neural networks are powerful
tools in genomic enabled prediction that can predict genomic breeding values with acceptable accuracy.

The genomic prediction ability of the neural networks depends on target traits, the animal species, and neural
network architecture. Before using Bayesian neural networks in genomic prediction, it is better to compare the
results with parametric methods. It is also necessary to improve the computation time of the Bayesian neural
networks with a greater number of neurons in hidden layer before applying them in real application of genomic
selection.

Key words: Efficiency comparison, Genomic evaluation, neural networks, parametric methods.
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Figure 1. Extracted DNA (Right) and amplification of 264 bp seqgment of chromosome Y (Left) in Iranian horses.
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Figure 2- chromatogram of sequences from Sanger sequencing of partial chromosome Y in horses.
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Table 1- Number and frequency of identified haplotypes in under study horses
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Figure 3- A median-joining haplotype network for Ardebil (Yellow), Northwest (Blue), Kordi (Black), Drehshuri (Green), Arab
(Red) and Qarebagh (White) horses based on Y chromosome.
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Table 3- Estimated genetic distances (Dxy) among under study horse breeds
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Figure 2- Phylogeny tree among six horse breeds based on nine identified haplotype
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Introduction Among domesticated animals, the horse can be considered as one of the most influential
animals in the process of human life modernization. Based on archaeological evidence, the presence of horses in
Iran goes back to 3000 BC. Today, over 300 horses are recognized worldwide and a great number that is
indigenous to Iran. The statistics provided by FAOSTAT indicate that there are about 140,000 horses. Due to
climate diversity in Iran, there are various horse breeds in different parts of the country, such as Turkmen, Kordi,
Drehshuri, Arab, Sistani, Northwest native and Caspian horses. Study of variations in Y chromosome and
mtDNA make it possible to the characterization of genetic diversity in the maternal and paternal lines,
respectively. Despite the high diversity in the genome of mitochondria in horses, but variation in Y chromosome
is in low level. Low variation in Y chromosome of horses can be due to small male effective population size and
loss of variations due to bottleneck during domestication. Several studies on Chinese indigenous and European
modern horses revealed that native horses have more Y chromosomal variation in compared with modern breeds.
So, the aim of present study was an assessment of genetic diversity in paternal line of Iranian horses using Y
chromosome. Identified the genetic structure is important for appropriate breeding programs.

Material and Methods Blood samples were collected from Jugular vein using 4 ml tubes containing EDTA
(1 mg/ml) of 81 horse belonging to six different populations including Ardebil’s stables horses (24 samples),
Northwest horses (17 samples), Kordi horses (15 samples), Arab horses (10 samples), Darehshuri horses (10
samples) and Qarebagh horses (5 samples). Total genomic DNA was extracted from whole blood. A total of the
264-bp fragment (locus: Y-50869) of Y chromosome was amplified using a pair of 20-nucleotide primer
(Genbank accession number: JX646950). Polymerase Chain Reaction (PCR) was carried out and then, products
of PCR sequenced using Sanger sequencing method. Alignment of sequences was performed by MEGA 6.0
software. Also, MEGA 6.0 used for segregating sites identification and also phylogeny tree construction based
on identified haplotypes. DnaSP5 was used to the estimation of haplotype diversity (Hd), nucleotide diversity
(m), genetic distance (Dxy) and an average number of differences (k). Finally, the median-joining network was
generated using the Network 5 program to present the possible relationships among haplotypes.

Results and Discussion Alignment of sequences led to the identification of six segregating sites and
consequently nine haplotypes based on Y chromosome sequences. Three haplotypes (H_1, H_2, and H_6) are
widely distributed among under study samples, so that, 65 of 81 (more than 80 %) individuals have placed in
three haplotypes. Among haplotypes with more than one individual, there is no special haplotype for any of
breeds. Haplotype diversity values ranged from 0.6 for Arab breed to 0.86 for Kordi breed. The nucleotide
diversity values ranged from 0.00288 for Arab breed to 0.01442 for the Qarebaghg breed. Average values for
nucleotide diversity and haplotype diversity were 0.0067 and 0.81 respectively. Comparison of present results
with the previous study on mtDNA diversity of Iranian horses revealed that maternal line of Iranian horses is
more divers from paternal line. Among lIranian breeds, Dareshuri breed has the lowest nucleotide diversity
0.00481 and haplotype diversity 0.00481 and 0.8 respectively. Assessment of genetic distance among breeds
revealed that Ardebil and Qarebagh horses have the highest distance (0.00822), while Arab and Dareshuri horses
showed the lowest genetic distance (0.00327). Obtained results indicated that, unlike Arab breed, Qarebagh
horses had low influence in Iranian horses. Phylogeny tree based on haplotypes of Iranian horses showed that
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divided into two branches. Generally, 73 individual (90.12% of all horses) and 8 individuals (9.88% of all
samples belongs to each of the two branches.

Conclusion The number of haplotypes which was found for Iranian native horses was placed among three
haplogroups, which indicate moderate genetic variety and numerous maternal lines in native horses of Iran. It
seems that the presence of the accurate pedigree information along genetic studies can help us to better
categorize Iranian horses. In fact, to designing effective breeding strategies, we need to identify the precise
genetic structure of Iranian horses. What we learned from this study was that Iranian horses in compared with
European pure breeds are more diverse. Obtained results from this study showed that Stalions of Arab breed had
high impact in Iranian horses.

Key words: Genetic diversity, Haplotype, Iranian horses, Paternal line, Y chromosome.
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